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Quality Control Analysis of Genotyping Data in the Primary
Open-Angle African American Glaucoma Genetics Study
Venkata H. Gudiseva, David Collins, Jie He, Naira Khachatryan,
Roy Lee, Laura O’Keefe, Venkata R. Chavali, Victoria Addis,
Amanda Lehman, Eydie G. Miller-Ellis, PRITHVI SANKAR,
Joan M. O’Brien. Ophthalmology, University of Pennsylvania,
Philadelphia, PA.
Purpose: The Primary Open-Angle African American Glaucoma
Genetics (POAAGG) study is a 5-year project designed to elucidate
the genetic architecture of primary open-angle glaucoma (POAG)
in African Americans. A detailed quality control assessment of
genotyping data from the discovery cohort (n=5500) was performed.
Methods: Genotyping was performed on the Illumina Infinium
iselect platform on MEGAv2 (EX) Consortium Chip, consisting of
approximately 2.04 million SNPs. Standard MEGA array content
was supplemented with SNPs from other GWAS studies on POAG,
several hundred additional mitochondrial variants, and variants
detected from whole genome sequencing of POAAGG subjects.
Sample success rate and call rates per sample and reproducibility of
replicate pairs was analyzed using genome studio software. Gender
mismatch issues, relatedness, sample quality, ancestry, and variant
quality were assessed using PLINK.
Results: Successful genotypes from 1.87 million SNPs were
obtained. An average call rate of 99.65% was achieved, with a sample
success rate of 97%. The reproducibility rate between replicate pairs
was 99.99%. PLINK annotated 73 samples as gender misannotations.
Ancestry clustering by principal component analysis on study
subjects, along with a set of 2.5 million 1KG samples, showed a
homogenous African American population. No samples had a missing
rate above 0.05. Relatedness in the study population was estimated
using 434,685 polymorphic autosomal SNPs pruned for linkage
disequilibrium. Unresolved relatedness pairs were excluded from
further analysis. Variant quality filtering was applied sequentially
based on missing call rate by SNP, minor allele frequency of 0 for all
samples, Hardy Weinberg equilibrium p-value, and Mendelian error
rate.
Conclusions: We successfully completed genotyping on the largest
cohort of African Americans with POAG. Samples flagged at each
quality filtering step were excluded from further analysis. Genome
wide case control association studies based on single SNP analysis
are currently underway.
Commercial Relationships: Venkata H. Gudiseva; David Collins,
None; Jie He, None; Naira Khachatryan, None; Roy Lee, None;
Laura O'Keefe, None; Venkata R. Chavali, None; Victoria Addis,
None; Amanda Lehman, None; Eydie G. Miller-Ellis, None;
PRITHVI SANKAR, None; Joan M. O'Brien, None
Support: NIH Grant EY023557 and RPB
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Association of single nucleotide polymorphisms (SNPs)
downstream of Transmembrane and Coiled-Coil Domains 1
(TMCO1) with primary open angle glaucoma (POAG) in
African-Americans (AA)
Lana Verkuil, Ian Danford, Maxwell Pistilli, David Collins,
Venkata H. Gudiseva, Benjamin Trachtman, Jie He,
Meera Ramakrishnan, Venkata R. Chavali, Joan M. O’Brien.
Ophthalmology, University of Pennsylvania, Philadelphia, PA.
Purpose: Previously, a genome wide association study (GWAS)
has identified the SNP rs4656461, downstream of TMCO1, to be
associated with POAG in Caucasians. We tested the hypothesis that
this genomic region is associated with increased POAG susceptibility
and traits in an AA cohort.
Methods: AA subjects recruited for the POAAGG study from
the Scheie Eye Institute and its satellite sites in Philadelphia were
included. Eight SNPs including and surrounding rs4656461 were
sequenced from both POAAGG cases (n=1537) and controls
(n=1570). Genomic DNAs were extracted from either saliva or
blood samples and were used as templates for PCR, and then Sanger
sequenced. Logistic regression analyses between each SNP and
POAG disease status were performed while adjusting for age and sex.
Associations between each SNP and POAG phenotypic parameters,
including central corneal thickness, cup to disc ratio, intraocular
pressure, and retinal nerve fiber layer thickness, were assessed by
ANOVA.
Results: The SNP rs4657473 (C>T) was associated with POAG
disease status; homozygous T genotype was protective against
glaucoma (OR 0.20, 95% CI 0.09-0.42; p<0.001). No associations
were found between TMCO1 variants and phenotypic traits.
Conclusions: Our results demonstrate that a TMCO1 genomic region
that has been associated with POAG in Caucasians is also associated
with POAG in an AA population. However, the individual SNP
associated in our AA population has not previously been implicated
in glaucoma. We were unable to find any correlations between
TMCO1 genotype and quantitative POAG traits.
Commercial Relationships: Lana Verkuil, None; Ian Danford,
None; Maxwell Pistilli, None; David Collins, None;
Venkata H. Gudiseva, None; Benjamin Trachtman, None; Jie He,
None; Meera Ramakrishnan, None; Venkata R. Chavali, None;
Joan M. O'Brien, None
Support: This work was supported by the National Eye Institute,
Bethesda, Maryland (grant #1RO1EY023557-01) and the Department
of Ophthalmology at the Perelman School of Medicine, University
of Pennsylvania, Philadelphia, PA. Funds also come from the
F.M. Kirby Foundation, Research to Prevent Blindness, The Paul
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Eye Institute, National Institutes of Health, Department of Health
and Human Services, under eyeGENETM and contract Nos.
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Genetic risk factors for primary open angle glaucoma in
populations of African ancestry
Michael A. Hauser1, 2, Chiea Chuen Khor2, Tin Aung9, 3,
Stephen Akafo4, Adeyinka Ashaye5, Sola Olawoye5, Eric Jorgensen6,
Thomas Hoffmann7, 10, Neil Risch7, 10, R Rand Allingham8, 2.
1
Ophthalmology & Medicine, Duke Univ Medical Center, Durham,
NC; 2Genome Institute of Singapore, Singapore, Singapore;
3
Singapore Eye Research Institute, Singapore, Singapore;
4
Ophthalmology, University of Ghana Medical School, Korle Bu,
Ghana; 5Department of Ophthalmology, College of Medicine,
University of Ibadan, Ibadan, Nigeria; 6Kaiser Permanente Division
of Research, Oakland, CA; 7Epidemiology & Biostatistics, University
of California, San Francisco, San Frandisco, CA; 8Ophthalmology,
Duke, Durham, NC; 9Singapore National Eye Center, Singapore,
Singapore; 10Institute for Human Genetics, University of California,
San Francisco, San Francisco, CA.
Purpose: We have conducted a large genome wide association study
(GWAS) for primary open angle glaucoma (POAG) in individuals of
African ancestry. We report the genotyping of 2320 POAG cases and
2121 controls collected from Ghana, Nigeria, and the US (African
Americans). We sought replication in 1,720 female African American
glaucoma cases and 6,067 controls from the Women’s Health
Initiative (WHI).
Methods: DNA was extracted either from blood or saliva
(Oragene® kits). Samples were genotyped using the Illumina Omni
Express array. Genotypes were imputed to 1000 genomes. Genetic
associations, including tagging SNPs for known associated loci for
POAG, were analyzed using logistic regression with an additive
model, adjusted for age and gender, and significant principal
components (up to the first 3) to address genetic stratification. Top
SNPs were examined in the WHI dataset, and in publically available
Caucasian datasets.
Results: Strikingly, we did not observe significant associations for
CDKN2B-AS (p=0.36) and TMCO1 (p=0.42) that are consistently
associated with POAG in non-African populations despite having
>90% power to do so. Failure to replicate TMCO1 is especially
interesting, as many African POAG cases have highly elevated IOP.
We see weak nominal association at other loci: CAV1/2 (p=0.01),
AFAP1 (p=0.02), ABCA1 (p=0.009), GAS7 (0.01), and TXNRD2
(0.002). Lookup of top African hits in the WHI dataset shows overall
evidence of replication, but no genome wide significant loci were
identified. Top African hits show little evidence of replication in
Caucasians.
Conclusions: Our GWAS analysis of POAG in individuals of
African ancestry fails to replicate loci identified in Caucasian and
Asian populations, despite having sufficient power to do so. Top
African hits also show no association in Caucasian datasets. Taken
together, these data strongly suggest that the genetic architecture of
POAG is fundamentally different in individuals of African ancestry.
This underscores the critical need to pursue large-scale genome
wide association studies in this understudied, yet disproportionately
affected population. We are currently exploring other datasets of
African ancestry to replicate and extend our findings.
Commercial Relationships: Michael A. Hauser, None; Chiea
Chuen Khor, None; Tin Aung, None; Stephen Akafo, None;
Adeyinka Ashaye, None; Sola Olawoye, None; Eric Jorgensen,
None; Thomas Hoffmann, None; Neil Risch, None;
R Rand Allingham, None
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A missense mutation in the intracellular protein kinase domain of
TEK causes autosomal dominant PCG and non-ocular features
Kristina N. Whisenhunt, Stuart W. Tompson, Yasmin S. Bradfield,
Samuel J. Huang, Nickie Stangel, Emily C. Higuchi,
Burton J. Kushner, Terri L. Young. Department of Ophthalmology and
Visual Sciences, University of Wisconsin-Madison, Madison, WI.
Purpose: Primary congenital glaucoma (PCG) accounts for 5%
of childhood blindness worldwide. It can be caused by defects in
the aqueous humor ocular outflow structures, leading to increased
intraocular pressure (IOP), expanded globe size, and optic nerve
damage with subsequent vision loss. Recently, we discovered that
haploinsufficency for the tunica interna endothelial cell kinase gene,
TEK, can cause PCG with variable age of onset and expressivity. In
mice, hemizygosity for Tek led to the formation of a hypomorphic
Schlemm’s canal and trabecular meshwork, resulting in increased
IOP. Herein, we performed exome sequencing in a large multigenerational family with autosomal dominant (AD) PCG and
uncovered non-ocular phenotypes associating with the disease.
Methods: After consent was obtained, medical histories were
acquired from 14 members of a large Caucasian family; 6 individuals
had PCG, 1 had juvenile-onset glaucoma, and 7 others had no clinical
signs of glaucoma. However, Perthes disease, ovarian cysts, and
gastroparesis were also noted in multiple family members. Exome
sequencing (Nimblegen SeqCap EZ V3 capture kit, 100bp paired-end
reads, Illumina HiSeq2000) was performed on 6 individuals
(3 affected, 3 unaffected). Variants were filtered and analyzed using
Golden Helix SVS software. Sanger sequencing validated the
candidate variants and co-segregation analysis was performed on
remaining family members.
Results: Exome sequencing identified a rare heterozygous
p.Ala841Val (c.2522C>T, NM_000459.3) missense variant within
the intracellular protein tyrosine kinase (PTK) domain of TEK that
was present in all individuals affected with glaucomatous disease.
Additionally, Perthes disease and/or ovarian cysts were observed in
4 mutation carriers. FATHMM, SIFT, and Polyphen2 predicted the
variant to be damaging. Protein sequence alignments showed the
Ala-841 residue to have been conserved for 450 million years, since
the common ancestor of humans and the Spotted Gar (primitive
freshwater fish).
Conclusions:
We provide further evidence for AD inheritance in TEK-related PCG,
caused in this family by a missense mutation in the PTK domain
previously only associated with systemic venous malformations. Our
observations further suggest that this TEK mutation may be involved
in the ovarian cyst and Perthes disease phenotypes, via vascular
developmental mechanisms.
Commercial Relationships: Kristina N. Whisenhunt, None;
Stuart W. Tompson, None; Yasmin S. Bradfield, None;
Samuel J. Huang, None; Nickie Stangel, None; Emily C. Higuchi,
None; Burton J. Kushner, None; Terri L. Young, None
Support: Research to Prevent Blindness, Inc., University of
Wisconsin Centennial Scholar Award
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Digenic Inheritance and Physical Interactions of CYP1B1 and
TEK in Primary Congenital Glaucoma
Subhabrata Chakrabarti1, meha kabra1, Sonika Rathi2, Wei Zhang2,
Anil K. Mandal3, Sirisha Senthil3, Inderjeet Kaur1, Hemant Khanna2.
1
Brien Holden Eye Research Centre, LV Prasad Eye Institute,
Hyderabad, India; 2Ophthalmology and Visual Sciences, UMASS
Medical School, Worcester, MA; 3Jasti V Ramanamma Children’s
Eye Care Centre, L.V. Prasad Eye Institute, Hyderabad, India.
Purpose: Our goal is to understand the molecular underpinnings
of autosomal recessive primary congenital glaucoma (PCG)
pathogenesis. A recent study implicated heterozygous mutations
in TEK (tyrosine kinase, endothelial receptor) in PCG, however,
mutations in the second gene were not detected. We undertook this
study to assess the prevalence of TEK mutations in a large cohort
of PCG cases (n=285) from Southern India, who were devoid of
homozygous mutations in the known genes (CYP1B1 and LTBP2).
Methods: Screening of the entire coding and untranslated regions of
TEK was accomplished through a customized gene panel on a next
generation sequencing platform (Ion Proton) using the Ampliseq
chemistry. The raw data was analyzed by GATK and imported to
the Ion Reporter software (version 5.2) and aligned to the hg19
sequence for further analysis. Each variation had a coverage of
100-500X and was further validated by Sanger sequencing on
an automated DNA sequencer (ABI 3130 XL) using the BigDye
chemistry. Since, heterozygous TEK mutations were found to cosegregate with heterozygous CYP1B1 variations, we functionally
validated the potential genetic interaction between these two genes.
To this end, we transiently transfected HEK293 cells with constructs
encoding GFP-fused CYP1B1 and HA-tagged TEK, followed by
immunoprecipitation and immunoblot analyses.
Results: Eleven novel heterozygous variations in TEK including a
nonsense (Y285X) and 10 missense (E103D, R119C, I148T, Y285X,
E300G, P304L, H400R, R413W, G743A, G951D, C1044Y) changes
were observed in 25/285 cases, with an overall mutation frequency of
8.77% (95%CI, 6.01%-12.63%) in our cohort. These changes were
absent in geographically and ethnically matched controls (n=1000).
Bioinformatic analysis (SIFT, PolyPhen) indicated these variations
to be potentially pathogenic. Interestingly, the heterozygous TEK
alleles (E103D, I148T and G743A) co-segregated with heterozygous
CYP1B1 alleles (A115P, E229K and R368H) respectively, in PCGaffected children. Furthermore, CYP1B1 and TEK associated with
each other in HEK293 cells.
Conclusions: Our study expands the mutation spectrum of TEK as a
candidate gene in PCG and suggest that TEK and CYP1B1 genetically
and physically interact with each other. Further studies are underway
to determine the involvement of CYP1B1 in TEK-mediated
angiogenesis and its deregulation in the phenotypic manifestation of
PCG.
Commercial Relationships: Subhabrata Chakrabarti, None;
meha kabra, None; Sonika Rathi, None; Wei Zhang, None;
Anil K. Mandal, None; Sirisha Senthil, None; Inderjeet Kaur,
None; Hemant Khanna, None
Support: Department of Biotechnology (Grant No. BT/01/
COE/06/02/10), Government of India; Champalimaud Foundation,
Portugal; NEI grant EY022372
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Whole-Exome Sequencing of Congenital Glaucoma Patients
Reveals rare and Hypermorphic Variants in GPATCH3
Julio Escribano2, 1, Jesús-José Ferre-Fernández2,
José-Daniel Aroca-Aguilar2, 1, Cristina Medina-Trillo2,
Juan-Manuel Bonet-Fernández2, Carmen Mendez-Hernandez3, 1,
Laura Morales-Fernández3, 1, Marta corton4, 5,
Maria-Josefa Cabañero-Valera2, Raul Tonda6, Marta Gut6,
Carmen Ayuso4, 5, Miguel Coca-Prados7, 8, Julián García-Feijoo3, 1.
1
Cooperative Research Network on Age-Related Ocular Pathology,
Visual and Life Quality, Instituto de Salud Carlos III, Madrid, Spain;
2
Genetcis, Castilla-La Mancha University Medical School, Albacete,
Spain; 3Ophthalmology, Hospital San Carlos, Madrid, Spain/Instituto
de Investigación Sanitaria del Hospital Clínico San Carlos, Madrid,
Spain; 4Genetics, Instituto de Investigación Sanitaria-Hospital
Universitario Fundación Jiménez Díaz-Universidad Autónoma de
Madrid (IIS-FJD, UAM), Madrid, Spain; 5Centro de Investigación
Biomédica en Red de Enfermedades Raras (CIBERER), Madrid,
Spain; 6CNAG-CRG, Centre for Genomic Regulation (CRG),
Institute of Science and Technology (BIST), Centre for Genomic
Analysis (CNAG), Barcelona, Spain; 7Ophthalmology and Visual
Science, Department of Ophthalmology and Visual Science, Yale
University School of Medicine, New Haven, CT; 8Fundación de
Investigación Oftalmológica, Instituto Oftalmológico FernandezVega, Oviedo, Spain.
Purpose: Congenital glaucoma (CG) is an inherited and severe
optical neuropathy that originates from maldevelopment of the
anterior segment of the eye. Genetically, this disease is heterogeneous
and has a poorly understood genetic etiology. We sought to identify
new genetic alterations underlying CG.
Methods: Whole-exome sequencing (WES) analysis was performed
in 26 severe PCG cases with no CYP1B1 or MYOC mutations. A
mutational screening of the proximal promoter and seven exons
of the GPATCH3 gene was carried out in a second group of 170
patients. The pathogenicity of the identified variants was evaluated
by segregation analysis, examination of transcriptional activity
and subcellular localization of the recombinat protein variants.
Inmunohistochemistry was used to asses the localization of the
protein in the human eye. The biological function of GPATCH3
was investigated by morpholino-mediated knockdown and transient
overexpression of the ortholog zebrafish gene.
Results: In one of the 26 patients we identified two rare, recessive
and hypermorphic coding variants in GPATCH3, a gene of
unidentified function, and 5% of a second group of 170 unrelated
CG patients carried rare variants in this gene. The recombinant
GPATCH3 protein activated in vitro the proximal promoter of
CXCR4, a gene involved in embryo neural crest cell migration.
The GPATCH3 protein was detected in human tissues relevant to
glaucoma (e.g., ciliary body). This gene was expressed in the dermis,
skeletal muscles, periocular mesenchymal-like cells and corneal
endothelium of early zebrafish embryos. Morpholino-mediated
knockdown and transient overexpression of gpatch3 led to varying
degrees of goniodysgenesis and ocular and craniofacial abnormalities,
recapitulating some of the features of zebrafish embryos deficient in
the glaucoma-related genes pitx2 and foxc1.
Conclusions: Our data indicate that mild functional alteration
of GPATCH3 may be involved in congenital glaucoma and
provide evidence for the role of tis gene in ocular and craniofacial
development.
Commercial Relationships: Julio Escribano;
Jesús-José Ferre-Fernández, None; José-Daniel Aroca-Aguilar,
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Identification of novel variants in CYP1B1, PITX2, FOXC1, and
PAX6 in congenital glaucoma and anterior segment dysgenesis
Shazia Micheal1, 2, Sorath N. Siddiqui3, Saemah N. Zafar3, Ralph
J. Florijn1, Hennie Bikker1, Camiel J. Boon4, Muhammad Khan5,
Anneke I. Den Hollander2, 5, Arthur Bergen1. 1Clinical
Genetics, Academic Medical Centre, Amsterdam, Netherlands;
2
Ophthalmology, Donders Institute for Brain, Cognition and
Behaviour, Radboud University Medical Center, Nijmegen,
Netherlands; 3Pediatric Ophthalmology, Al-Shifa Eye Trust Hospital
Jhelum Road, Rawalpindi, Pakistan; 4Leiden University Medical
Center, Leiden, Netherlands; 5Human Genetics, Donders Institute
for Brain, Cognition and Behaviour, Radboud University Medical
Center, Nijmegen, Netherlands.
Purpose: The current study was undertaken to identify the
pathogenic mutations in the CYP1B1, PAX6, PITX2 and FOXC1
among the families and sporadic patients with primary congenital
glaucoma and anterior segment dysgenesis which includes Axenfeld
Rieger syndrome and aniridia.
Methods: The study included a cohort of probands of Pakistani
families (n=80) diagnosed with PCG. A European cohort included
PCG; (n=97; 4 families, 93 sporadic), Axenfeld Rieger syndrome
(ARS; n=50) and aniridia (n=42; 11 families, 31 sporadic patients).
Complete ophthalmic examination was performed for all the affected
and unaffected family members and sporadic patients. Total genomic
DNA was isolated from the peripheral blood and was used for the
genetic analysis. PCR and Sanger sequencing were performed for
the exons and intron-exon boundaries of the associated genes. In
addition, MLPA was used to identify the deletions in the PAX6 in
patients with aniridia.
Results: A total of 12 pathogenic CYP1B1 variants (including two
novel mutations c.1044-1G>C & p.Ser464Thr) have been identified
which co-segregated with the disease in the 25 Pakistani families.
In two families, compound heterozygous mutations (p.Arg368His/p.
Arg444*; p.Arg390His/p.Ser464Thr) were identified. In the European
cohort, 15 CYP1B1 mutations have been identified, that included
one novel variant (c.475C>T:p.Gln159*). In total CYP1B1 explains
31.25% of Pakistani and 27.8% of the European cohort however,
7.2% of the European cases revealed only single mutated allele and
the other variant remained undetermined.
The FOXC1 & PITX2 genes explains 10% and 6% ARS
cases respectively. Identified variants include 4 novel FOXC1
mutations (p.Gln200Argfs*109, p. Arg127Cys, P.Arg169Gln and
p.Gly378_Gly380del) and three PITX2 novel mutations (p.Tyr109*,
p.Thr122Pro and c.391-11A>G). In total 27 mutations were identified
in the PAX6 gene (18 unique and 9 known) in the families and the
sporadic patients with aniridia. Eleven families and 24 of 31 (77.4%)
sporadic patients were solved with PAX6. Several mutations identified
in the PAX6 among the families were de novo.
Conclusions: In summary, the identification of novel mutations in the
current study expands the mutational spectrum of the CYP1B1 gene

in the PCG patients and PITX2, FOXC1 and PAX6 in patients with
ARS and aniridia respectively.
Commercial Relationships: Shazia Micheal, None;
Sorath N. Siddiqui, None; Saemah N. Zafar, None;
Ralph J. Florijn, None; Hennie Bikker, None; Camiel J. Boon,
None; Muhammad Khan, None; Anneke I. Den Hollander, None;
Arthur Bergen, None
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A new mouse model of early-onset glaucoma
Bo Chang, Jieping Wang, Bernard FitzMaurice, Patsy Nishina.
The Jackson Laboratory, Bar Harbor, ME.
Purpose: To report the clinical characterization, genetic analysis
and molecular basis of a new mutation named early-onset glaucoma
1 (egl1) in a mouse model with a significantly elevated intraocular
pressure (IOP) and large eye size in early adulthood.
Methods: While screening mouse strains and stocks at The Jackson
Laboratory for models of human ocular disorders, we identified a
new mouse model of early-onset glaucoma. We characterized the
clinical effects of the mutation using rebound tonometry to measure
IOP, image-guided optical coherence tomography (OCT) to detect
optic cupping, histological studies to observe retinal ganglion cell
loss and electroretinography (ERG) to test for retinal function.
Genetic analysis including linkage studies and comparison of whole
exome sequences of mutant and wild-type (WT) controls identified
the causative gene and mutation.
Results: The egl1 mutation was discovered in mice with swollen
eyes as a recessive mutation. IOP measurements using a rebound
tonometer showed that at 5 weeks of age IOP levels were
significantly higher in mutants than controls, a trend that continued
as the mutants were aged. Examination of eyes of 3-month-old mice
with OCT showed enlargement of the anterior chamber and optic
cupping compared to controls. The optic cupping phenotype was
observable at three months of age by indirect ophthalmoscopy as a
ring-like feature around the optic nerve head and by histology as the
optic head cupping, anterior synechia and a complete loss of inner
retinal layers. ERG tests showed a normal rod a-wave, but a loss of
rod b-waves and a lower cone ERG response at 3-months of age.
Genetic analysis shows that this disorder is caused by an autosomal
recessive mutation that maps to mouse Chromosome 3 between
D3Mit106 and D3Mit216. By high throughput sequencing of a whole
exome capture library of a egl1/egl1 mutant and subsequent sequence
analysis, a missense mutation due to a single base pair substitution in
exon 2 in the Pitx2 gene was detected. Specifically, in the egl1/egl1
mice, a single-base substitution at position 344 (G to T) in exon 2
was found that changes codon 115 from CGC to CTC (Arg115Leu).
Conclusions: Homozgyous egl1 mutants are a new glaucoma model,
which exhibits early-onset, rapidly progressive, and fully penetrant
phenotypic characteristics of glaucoma that has not been previously
described in mice. The egl1 mutant will serve as an important model
to test therapeutic methods for human glaucoma.
Commercial Relationships: Bo Chang, None; Jieping Wang,
None; Bernard FitzMaurice, None; Patsy Nishina, None
Support: NIH EY019943
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Whole mitochondrial genome sequencing in Polish normal
tension glaucoma patients
Tomasz Zarnowski1, Ewa Kosior-Jarecka1, Agnieszka Piotrowska2,
Katarzyna Tonska2. 1Chair of Ophthalmology, Medical University
of Lublin, Lublin, Poland; 2Institute of Genetics and Biotechnology,
Warsaw, Poland.
Purpose: To evaluate the presence of mtDNA variants in Polish
normal tension glaucoma patients by whole mitochondrial genome
sequencing.
Methods: The studied group consisted of 100 Caucasian patients
with normal-tension glaucoma and 94 control patients. The
mtDNA was isolated from the whole blood and the entire human
mitochondrial genome was amplified by long-range polymerase chain
reaction and used as a template for high-throughput next generation
sequencing on the Illumina MiSeq platform. Secondary sequencing
data analysis was performed using CLC Genomics Workbench
bioinformatic software and the identified mtDNA variants were
interpreted based on their frequencies and reports in databases and
the literature. All mtDNA variants were evaluated and classified in
terms of clinical significance using in silico predictive algorithms
and mtDNA databases with established parameters and elaborated
filtering strategy.
Results: In NTG group 2553 mtDNA variants were observed with
2276 transitions, 68 transversions, 158 insertions and 51 deletions.
In this group 159 rare mtDNA variants were present in 73 patients,
including 39 novel variants (1.5%). In control group 2545 mtDNA
variants were present with 2352 transitions, 73 transversions, 78
insertions and 42 deletions. 138 rare mtDNA variants in 69 patients,
including 33 novel variants (1.3%) were detected. In NTG group
mtDNA variants were observed in rRNAs in 15,28% patients, in
tRNAs in 2,82%, in Complex I in 22,72%, in CIII in 10,65%, in CIV
in 6,97%, in CV in 6,74% patients. In control group mtDNA variants
were present in rRNAs in 14.38% patients, in tRNAs in 3.04%, in
CI in 23.97%, in CIII in 10,09% patients, in CIV in 7.91%, in CV in
6,04% controls. There were no significant differences in the number
and distribution of mtDNA variants between both studied groups.
Conclusions: Mitochondrial DNA do not differ between normal
tension glaucoma and control Polish patients regarding the number
and distribution of variants.
Commercial Relationships: Tomasz Zarnowski, None;
Ewa Kosior-Jarecka, None; Agnieszka Piotrowska, None;
Katarzyna Tonska, None
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The myocilin GLN368Stop mutation in normal tension glaucoma
Carly Lewis1, 2, Jason Kam3, 2, Todd E. Scheetz3, 2, Ben R. Roos3, 2,
Edwin M. Stone3, 2, Cheryl Khanna8, Kazuhide Kawase4,
Robert Ritch5, Andrew J. Lotery6, Sobha Sivaprasad9, Jessica Cooke
Bailey10, Louis R. Pasquale7, Janey L. Wiggs7, Young H. Kwon3, 2,
Wallace L. Alward3, 2, John Fingert3, 2. 1Molecular Physiology &
Biophysics, University of Iowa, Iowa City, IA; 2Stephen A. Wynn
Institute for Vision Research, University of Iowa, Iowa City, IA;
3
Ophthalmology and Visual Sciences, University of Iowa, Iowa City,
IA; 4Ophthalmology, Gifu University Graduate School of Medicine,
Gifu, Japan; 5Einhorn Clinical Research Center, New York Eye and
Ear Infirmary of Mount Sinai, New York, NY; 6Southampton General
Hospital, Human Genetics Division, University of Southampton,
Southampton, United Kingdom; 7Massachusetts Eye and Ear
Infirmary, Harvard University, Boston, MA; 8Ophthalmology, Mayo
Clinic, Rochester, MN; 9Moorfields Eye Hospital, London, United
Kingdom; 10Case Western Reserve University, Cleveland, OH.
Purpose: To determine the role of the myocilin GLN368Stop
mutation in normal tension glaucoma (i.e. primary open angle
glaucoma that occurs at intraocular pressures <22 mm Hg). The
GLN368Stop mutation is of particular interest because it is the most
common known molecular cause of primary open angle glaucoma.
Methods: Cohorts of patients with normal tension glaucoma
(n = 748) and control subjects (n = 1780) were tested for the
most common myocilin mutation, GLN368Stop, which has been
previously associated with glaucoma that occurs with high intraocular
pressures (i.e. 30 mm Hg). The GLN368Stop mutation was assessed
with either whole exome analyses or with quantitative real-time PCR.
All positive results were confirmed with Sanger sequencing.
Results: Seven of 748 (0.94%) normal tension glaucoma patients
and 7 of 1780 (0.39%) controls were found to have a GLN368Stop
myocilin mutation. The GLN368Stop mutation was 2.4X more
frequent in NTG patients than in control subjects, however, this
difference was not statistically significant (p > 0.05).
Conclusions: Myocilin mutations have been previously associated
with primary open angle glaucoma that occurs with high intraocular
pressure. Our pilot study suggests that some cases of normal tension
glaucoma may also be caused by myocilin mutations. A larger study
with greater power will be necessary to determine if the GLN368Stop
mutation is statistically associated with normal tension glaucoma.
Commercial Relationships: Carly Lewis, None; Jason Kam, None;
Todd E. Scheetz, None; Ben R. Roos, None; Edwin M. Stone,
None; Cheryl Khanna, None; Kazuhide Kawase, None;
Robert Ritch, None; Andrew J. Lotery, None; Sobha Sivaprasad,
None; Jessica Cooke Bailey, None; Louis R. Pasquale, None;
Janey L. Wiggs, None; Young H. Kwon, None; Wallace L. Alward,
None; John Fingert, None
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A novel nonstop MYOC mutation in a Large Filipino Family with
Juvenile-Onset Open-Angle Glaucoma
Edward Ryan A. Collantes1, 2, Baojian Fan1, Qi Zhang1, Therese
Marie Collantes3, Manuel Jr Delfin2, Aliete Wan1, Kevin Linkroum1,
Qin Liu1, Janey L. Wiggs1. 1Department of Ophthalmology, Harvard
Medical School, Massachusetts Eye and Ear Infirmary, Boston, MA;
2
Manila Doctors Hospital, Manila, Philippines; 3University of the
Philippines, Los Banos, Philippines.
Purpose: Juvenile-onset primary open-angle glaucoma (JOAG) is an
important cause of blindness world-wide. Mutations in the myocilin
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(MYOC) gene are known to result in JOAG by causing myocilin
protein misfolding and sequestration in the endoplasmic reticulum
(ER) in trabecular meshwork (TM) cells eventually leading to ER
stress-induced TM cell death. In this study we describe the clinical
features of a large Filipiino family with JOAG and identify the first
known MYOC nonstop mutation as the cause of disease.
Methods: Fifty-six members of a 4-generation family were enrolled
in this study. All study subjects underwent a clinical exam and a
blood sample was obtained for DNA sequencing for MYOC. A COS-7
cell line was used to test MYOC mutations for pathogenicity. The
wild type MYOC cDNA sequence was cloned into a Gateway® entry
vector and moved into an expression vector by LR recombination.
Mutagenesis was created in the entry vector. A COS-7 cell line was
used to test MYOC mutations for pathogenicity. The COS-7 cells
were transfected with expression vectors encoding wild-type or
mutated MYOC cDNA.
Results: MYOC mutation screening in this Filipino family identified
a novel nonstop mutation, c.1515A>G (p.*505Wext*42). This
mutation segregated in all affected individuals in the family and was
also found in 7 currently unaffected subjects who were between 1
and 15 years of age. The average age of disease onset in mutation
carriers was 28 years and the range of disease onset was 14 to 49
years of age. Antibody staining of cultured COS-7 cells transfected
with MYOC c.1515A>G showed sequestration of the MYOC protein
in the ER similar to cells transfected with a known MYOC mutation
c.734G>A (p.C245Y).
Conclusions: This study suggests that the c.1515A>G MYOC
mutation is the disease causing mutation in this Filipino family
with JOAG. This is the first nonstop MYOC mutation identified to
date. The mutant protein becomes restricted to the ER causing ER
stress-induced TM cell death similar to other glaucoma causing
MYOC mutations. Clinical features of affected individuals suggest
that the nonstop mutation exhibits variable expressivity with respect
to age of disease onset. Identifying this mutation makes it possible to
initiate genetic screening for other family members allowing for close
monitoring and timely treatment for mutation carriers.
Commercial Relationships: Edward Ryan A. Collantes, None;
Baojian Fan, None; Qi Zhang, None; Therese Marie Collantes,
None; Manuel Jr Delfin, None; Aliete Wan, None;
Kevin Linkroum, None; Qin Liu, None; Janey L. Wiggs, None
Support: March of Dimes Foundation (6-FY13-90); NEI Grant
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Pro-apoptotic TLR4 polymorphisms D299G and T399I are
related to primary open angle glaucoma in Mexican population
RAMSES ROSALES DIAZ1, JOSE NAVARRO-PARTIDA3,
BEATRIZ ALVARADO-CASTILLO2, ABRIL B. MARTINEZ-RIZO1,
JESUS B. VELAZQUEZ-FERNANDEZ1, ARTURO SANTOS3.
1
UNIDAD ACADEMICA DE MEDICINA, UNIVERSIDAD
AUTONOMA DE NAYARIT, TEPIC, Mexico; 2CENTRO MEDICO
NACIONAL DE OCCIDENTE., INSTITUTO MEXICANO DEL
SEGURO SOCIAL., GUADALAJARA, Mexico; 3DIVISION DE
BIOTECNOLOGIA Y SALUD. CAMPUS GUADALAJARA.,
TECNOLOGICO DE MONTERREY, GUADALAJARA, Mexico.
Purpose: Toll-like receptor 4 (TLR4) is a transmembrane receptor
that mediates immune responses to exogenous and endogenous
ligands. Previously, the single nucleotide polymorphisms (SNPs)
D299G (rs4986790) and T399I (rs4986791) in TLR4 gene have been
related to apoptosis of activated hepatic stellate cells. The underlying
mechanism involves the reduction of phospho-ERK and Bcl-2.
Therefore, this study was undertaken to investigate whether

pro-apoptotic TLR4 D299G and T399I are associated with primary
open angle glaucoma (POAG) in Mexican population.
Methods: One hundred eighty-seven unrelated Mexican patients
with POAG (94 men and 95 women; mean age 66.49 ± 14.3 years)
and 109 control subjects (40 men and 69 women; age, 63.28 ± 7.93
years) were included. SNPs D299G and T399I were genotyped
by a Taqman® Allelic Discrimination Assay. Allelic, genotypic
and haplotypic diversity were assessed between cases and control
subjects.
Results: Strong linkage disequilibrium was observed among the
SNPs (D’= 0.8692), which were in one haplotype block. With respect
to allelic analysis, the minor allele of D299G conferred the highest
increased risk of POAG (OR= 4.47, 95% CI= 1.46-13.70, P= 0.0054)
whereas T399I was related to an OR=3.506 (95% CI=1.2719-9.6623,
P=0.0262). Considering the dominant model, subjects carrying the
minor allele of D299G and T399I had a significant increased risk
for POAG with OR of 4.47 (P=0.054, 95% CI= 1.30-15.35) and 3.5
respectively (P= 0.012, 95% CI= 1.17-10.44). Haplotype analysis
was non-significant.
Conclusions: TLR4 coding SNPs D299G and T399I might be used
as genetic susceptibility alleles for POAG in Mexican population.
Our findings support that these TLR4 SNPs could be promoting a
pro-apoptotic environment that conduces to neurodegeneration in the
pathophysiology of glaucoma.
Commercial Relationships: RAMSES ROSALES DIAZ,
None; JOSE NAVARRO-PARTIDA, None;
BEATRIZ ALVARADO-CASTILLO, None;
ABRIL B. MARTINEZ-RIZO, None;
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Whole exome sequencing suggests that mutations in known
glaucoma genes do not contribute to pigmentary dispersion
syndrome
Baojian Fan, Kevin Linkroum, Dan Yi Wang, Elizabeth DelBono,
John Borchert, Louis R. Pasquale, Janey L. Wiggs. Department of
Ophthalmology, Harvard Medical School, Massachusetts Eye & Ear
Infirmary, Boston, MA.
Purpose: Pigment dispersion syndrome is an important cause of
glaucoma in the young adult population. While many cases appear
to be sporadic, families exhibiting autosomal dominant inheritance
have been described suggesting a significant genetic contribution to
disease. In this study we have completed whole exome sequencing
(WES) for 9 families affected by pigment dispersion syndrome and
glaucoma inherited as an autosomal dominant trait.
Methods: After obtaining informed consent DNA was prepared
from blood samples of 44 individuals (9 families) affected by
pigment dispersion syndrome and/or pigmentary glaucoma. Pigment
dispersion syndrome cases had characteristic iris transillumination
defects. Pigmentary glaucoma was defined as having evidence of
optic nerve disease (cup-disc ratio >0.7, and/or visual field defects
corresponding to the nerve fiber layer in at least one eye) and IOP
>21 mmHg in addition to the iris transillumination defects. WES
was performed using exon capture by the Agilent SureSelect Human
All Exon v5+UTR+Mito kit (74.6 Mb target region), followed by
sequencing on Illumina HiSeq 2000. The Ocular Genomics Institute
WES pipeline was used to align sequence reads and complete variant
calling and annotation. Average coverage of 105× was obtained for
99% of coding sequences.
Results: Potentially disease causing variants in the genes known
to cause early-onset glaucoma (CYP1B1, FOXC1, LTBP2, MYOC,
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OPTN, PAX6, PITX2, TBK1 and TEK) or contribute to primary open
angle glaucoma (POAG) (ABCA1, AFAP1, ATXN2, CAV1, CDKN2BAS1, FNDC3B, GAS7, GMDS, PMM2, SIX6, TGFBR3, TMCO1
and TXNRD2) were investigated in the WES data. While common
coding sequence variants were identified in ABCA1, AFAP1, ATXN2,
CYP1B1, FNDC3B, FOXC1, LTBP2, MYOC, OPTN, PMM2, SIX6,
TBK1, TEK, TGFBR3 and TXNRD2, none of these fulfilled the
criteria for disease causing alleles: rare in the general population (less
than 1% in the Exome Aggregate Consortium dataset), segregation in
all affected family members, and predicted to be pathogenic by SIFT
and PolyPhen-2.
Conclusions: Using WES, coding sequence variants in the genes
known to cause early-onset glaucoma or contribute to POAG were
not identified in families affected by pigment dispersion syndrome or
pigmentary glaucoma. These results suggest that a novel set of genes
contribute to these important conditions.
Commercial Relationships: Baojian Fan, None; Kevin Linkroum,
None; Dan Yi Wang, None; Elizabeth DelBono, None;
John Borchert, None; Louis R. Pasquale, None; Janey L. Wiggs,
None
Support: BrightFocus Foundation (G2014107); March of Dimes
Foundation (6-FY13-90); NEI Grant (P30EY014104).
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Genetic Etiology of Pigmentary Dispersion Syndrome/
Pigmentary Glaucoma
Adrian A. Lahola-Chomiak1, Tim Footz1, Thien-Kim Nguyen-Phuoc1,
Ordan J. Lehmann1, 2, Michael A. Walter1. 1Medical Genetics,
University of Alberta, Edmonton, AB, Canada; 2Ophthalmology,
University of Alberta, Edmonton, AB, Canada.
Purpose: The genetic etiology of Pigmentary Dispersion Syndrome
(PDS) and Pigmentary Glaucoma (PG) has remained elusive
despite years of study suggesting a strong heritable component. We
investigated the genetic basis of PDS/PG in two Mennonite kindred’s
and a sporadic PDS/PG panel to elucidate the basis of these disorders.
Methods: We used whole exome sequencing (WES) analysis of two
Mennonite kindred’s to determine strong candidate genes for PDS/
PG. Putative candidate genes were screened in a panel of sporadic
PDS/PG cases to discover additional variants of interest. Currently,
we are using molecular and cell biology techniques to investigate
how variants in the most promising of these candidates, Pigmentary
Glaucoma 1 (PG1), contributes to the pathology of PDS/PG using a
human cell culture model.
Results: Four total variants of interest in PG1 were discovered
in 1 Mennonite kindred and our panel of sporadic PDS/PG cases.
Functional analyses of these variants have revealed potentially
damaging defects which may contribute to the etiology of PDS/PG.
Western analysis and microscopy indicates the importance of proper
processing and localization of PG1 within a human cell model.
Conclusions: We report the first discovery of a strong candidate gene
for PDS/PG in humans. Elucidating the etiology of these disorders
opens the door for the first rationally designed therapeutics.
Commercial Relationships: Adrian A. Lahola-Chomiak,
None; Tim Footz, None; Thien-Kim Nguyen-Phuoc, None;
Ordan J. Lehmann, None; Michael A. Walter, None
Support: Glaucoma Society of Canada RES029999
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Association of the SIX1-SIX6 Locus with Primary Open-angle
Glaucoma in Chinese and Japanese
Chi Pui Pang1, 3, Shi Song Rong1, Christopher K. Leung1,
Noriyasu Hashida2, Pancy Oi Sin Tam1, Motokazu Tsujikawa2,
Mingzhi Zhang3, Kohji Nishida2, Li Jia Chen1, 3. 1Ophthalmology &
Visual Sciences, Chinese University of Hong Kong, Kowloon, Hong
Kong; 2Department of Ophthalmology, Osaka University Medical
School, Osaka, Japan; 3Joint Shantou International Eye Center of
Shantou University and the Chinese University of Hong Kong,
Shantou, China.
Purpose: To evaluate the association of the SIX1-SIX6 locus with
primary open-angle glaucoma (POAG) in Chinese and Japanese.
Methods: Two Chinese cohorts from Hong Kong and Shantou,
respectively, and one Japanese cohort from Osaka, totalling 2528
subjects (1223 POAG patients vs. 1305 controls) were recruited
in this study. Thirteen single-nucleotide polymorphisms (SNPs),
including 11 haplotype-tagging SNPs covering the entire SIX1-SIX6
locus and 2 SNPs from previous genome-wide association studies
(GWAS, rs33912345 and rs10483727) were genotyped.
Results: In univariate association analysis, we identified a new SNP
(rs12436579) to be associated with POAG (P=0.0064) in the Hong
Kong cohort. One SNP reported by GWAS (rs33912345) showed a
borderline association (P=0.067). In the replication analysis, these 2
SNPs were associated with POAG in the Shantou cohort (P<0.015),
with the odds ratios (ORs) pointing to the same direction as that
in the Hong Kong cohort. In the Osaka cohort, these 2 SNPs did
not showed statistical significance (P>0.19), although their ORs
were towards the same direction as that in the Hong Kong and
Shantou cohorts. In the meta-analysis combining the 3 cohorts,
the associations of these 2 SNPs were significant with low intercohort heterogeneities (rs33912345: Pmeta=0.0016, OR=0.78, I2=0;
rs12436579: Pmeta=0.00075, OR=0.79, I2=10%).
Conclusions: This study confirmed the association of the SIX1-SIX6
locus with POAG in Chinese and Japanese, and identified a new
tagging SNP (rs12436579) for POAG.
Commercial Relationships: Chi Pui Pang; Shi Song Rong, None;
Christopher K. Leung, None; Noriyasu Hashida, None; Pancy
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None; Kohji Nishida, None; Li Jia Chen, None
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Genetic analysis of glaucoma endophenotypes in a large Nepalese
extended pedigree: The Jiri Eye Study
Matthew P. Johnson1, Suman Thapa2, Sandra Laston1,
Kent L. Anderson3, Mohan Shrestha2, Bradford Towne4,
Janardan Subedi5, John Blangero1, Sarah Williams-Blangero1.
1
South Texas Diabetes & Obesity Institute, University of Texas
Rio Grande Valley, Brownsville, TX; 2Tilganga Institute of
Ophthalmology, Kathmandu, Nepal; 3Ophthalmology, University
of Texas Health Science Center at San Antonio, San Antonio,
TX; 4Community Health, Wright State University, Kettering, OH;
5
Sociology & Gerontology, Miami University, Oxford, OH.
Purpose: The objective of this project is to investigate the genetic
epidemiology of ocular health and disease in a minority population
from Nepal, a developing country. For this element of our project
we are interested in the trait distribution and genetic architecture of
known glaucoma endophenotypes: intraocular pressure (IOP), central
corneal thickness (CCT) and vertical cup-to-disc ratio (CDR).
Methods: Our family-based study design involves recruitment
of 2,000 members of the Jirel population, a small endogamous
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ethnic group from the Jiri region of Nepal. Participants undergo
a comprehensive eye examination that includes measurements
of IOP by Goldmann applanation tonometry, CCT by optical
coherence tomography, and CDR by slit lamp ophthalmoscopy.
We use a variance components method (SOLAR) to determine the
underlying genetic architecture (e.g., heritability) of these glaucoma
endopheotypes.
Results: The Jirel participants belong to a single extended pedigree
containing more than 62,000 pair-wise relationships that are
informative for genetic analysis. To date, 790 members (459 female,
331 male) of the Jirel population have been recruited to the study.
The mean (SD, range) age at exam is 42.6 (17.0, 18-88) years. The
prevalance of open angle and angle closure glaucoma is 2.6% and
0.8%, respectively. The mean (SD) of IOP (maximum of both eyes),
CCT (average of both eyes) and CDR (maximum of both eyes) is
14.7 (2.6) mm Hg, 521.7 (38.9) µm, and 0.3 (0.2), respectively. IOP
(h2 = 0.28, p = 1.9E-04), CCT (h2 = 0.67, p = 1.5E-19), and CDR
(h2 = 0.59, p = 4.3E-15) are all significantly heritable in the Jirel
population.
Conclusions: Evaluating the genetic architecture of glaucoma
endophenotypes, especially in under-studied populations from the
developing world, will yield new information on the biological
pathways underlying these traits, and thus may be an important
step towards ultimately alleviating the global burden of glaucomaassociated visual impairment.
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Exome-wide analyses of glaucoma-related endophenotypes in
19,700 individuals
Adriana I Iglesias1, Anthony P. Khawaja3, 4, Pieter W. Bonnemaijer1, 2,
Abhishek Nag5, Pirro G. Hysi5, Christopher J. Hammond5,
Najaf Amin1, Caroline Klaver2, Paul J. Foster3, Cornelia van
Duijn1. 1Epidemiology, Erasmus MC, Rotterdam, Netherlands;
2
Ophthalmology, Erasmus MC, Rotterdam, Netherlands; 3Institute of
Ophthalmology, NIHR Biomedical Research Centre, Moorfields Eye
Hospital NHS Foundation Trust and UCL, London, United Kingdom;
4
Department of Public Health and Primary Care, University of
Cambridge, Cambridge, United Kingdom; 5Department of Twin
Research and Genetic Epidemiology, King’s College London,
London, United Kingdom.
Purpose: Glaucoma is a heterogeneous optic neuropathy in which
rare coding and common non-coding genetic variants play a key
role. Although the over 70 identified non-coding variants may be
implicated in glaucoma pathogenesis through gene regulation, most
were discovered by genome-wide association without in-depth
exploration of the region for coding variants. We conducted an
exome-wide study in 19,700 persons of European descent to discover
and replicate new coding variants implicated in the pathogenesis of
glaucoma
Methods: We used exome-wide sequence and array data of three
independent European cohorts: The Rotterdam Study (RS), The
Erasmus Rucphen Family study and the EPIC study (N~11,400).
Three glaucoma-related endophenotypes were examined: disc area,
vertical cup-disc ratio (VCDR) and intraocular pressure (IOP). Fixedeffect meta-analyses were performed and variants with P <1.0x10-04
were selected for in silico replication in independent participants

of the RS and the TwinsUK study (N~8300). To allow reliable
replication of low-frequency variants, cohorts were imputed with the
Haplotype Reference Consortium (HRC) reference panel. Based on
the number of exonic variants in the discovery (N = 78,604), the
P-value for exome-wide significance was 6.3x10-07
Results: We identified one novel low-frequency missense variant in
the MITF gene significantly associated with disc area (P=1.9x10-07)
and suggestive for VCDR (P= 1.1x10-05). Other common coding
variants in previously known regions were also associated with optic
nerve parameters. Significant association with VCDR was found
in proximity to previously reported non-coding variants annotated
to DUSP1, SIX6, and CHEK2. For IOP, novel rare coding variants
in RUSC1 and OR4N2 reached exome-wide significance in the
discovery but were not present in the HRC imputations. Also for IOP,
we found common coding variants in previously reported regions,
including ARHGEF12 and MADD
Conclusions: We identify a novel missense low-frequency variant in
the MITF gene implicated in disc area and VCDR. MITF regulates
the differentiation of the retinal pigmented epithelium and has been
implicated in murine microphthalmia. For IOP, we discovered four
novel exonic variants for which replication is ongoing. Our analysis
provides further new biologically relevant insights of the annotation
and functional relevance of genome-wide associated signals
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Discovery of novel loci for primary open angle glaucoma using
combined extreme extreme phenotype and QTL approaches
Jamie E. Craig1, Puya Gharahkhani2, Alex W. Hewitt3,
Kathryn P. Burdon4, David A. Mackey5, Stuart L. Graham6,
Paul R. Healey7, Tiger Zhou1, Owen Siggs1, Stuart MacGregor2.
1
Department of Ophthalmology, Flinders University, Walkerville, SA,
Australia; 2QIMR, Brisbane, QLD, Australia; 3CERA, Melbourne,
VIC, Australia; 4Menzies Research Institute, Hobart, TAS, Australia;
5
LEI, Perth, WA, Australia; 6Macquarie Univeristy, Sydney, NSW,
Australia; 7University of Sydney, Sydney, NSW, Australia.
Purpose: To use an enlarged cohort of POAG cases with advanced
disease to discover novel susceptibility loci for glaucoma
development.
Methods: We performed a meta-analysis of Australian genome-wide
association studies (GWAS) for POAG, with GWAS data for IOP,
and the optic disc parameters. Genome-wide association studies
were performed separately for a total of 3,071 POAG cases from
the Australian & New Zealand Registry of Advanced Glaucoma
and 6,750 unscreened controls. GWAS summary results were then
meta-analysed with publicly available GWAS data for IOP and optic
disc parameters such as VCDR on ~24000 individuals of European
ancestry.
Results: Using this approach, in addition to the previously identified
glaucoma loci, we identified four novel risk loci including regions on
6p21.31, 20q13.12, 3q27.3, and 9q33.3 in the meta-analysis. We then
used gene-based and pathway-based approaches to identify further
genes and relevant cellular mechanisms involved in POAG. Eight
further novel risk loci were identified using gene-based approaches,
amongst which two loci have previously showed associations with
age-related macular degeneration, refractive error, axial length, and
myopia, suggesting an overlap of the genetic risk factors between
these eye diseases.
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Conclusions: The novel risk loci in addition to the previously known
risk loci will improve risk profiling for glaucoma, providing better
opportunities to identify high-risk individuals. The data generated
using discovery sets biased to severe disease is particularly relevant
to the prediction of poor outcome in glaucoma. Fine-mapping and
functional studies of new risk loci will improve understanding of
the pathogenesis of glaucoma, facilitating development of new
therapeutic strategies.
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Evaluation of primary angle closure glaucoma susceptibility loci
in primary angle closure suspects
Tin Aung1, 2, Monisha Nongpiur1, 2, Shamira A. Perera1, Tien Y. Wong2,
Eranga N. Vithana2, Chiea Chuen Khor3, 2. 1Glaucoma, Singapore
National Eye Center, Singapore, Singapore; 2Singapore Eye Research
Institute, Singapore, Singapore; 3Genome Institute of Singapore,
Singapore, Singapore.
Purpose: Angle closure is a disease spectrum that starts with narrow
angles (primary angle closure suspects [PACS]) and culminates in
primary angle closure glaucoma (PACG). The reasons for disease
progression from the early stages of the disease to blindness from
PACG is yet unknown. Thus far, eight genetic loci has been found
to show robust, genome-wide significant association with PACG
(Vithana et al, Nature Genetics, 2012 and Khor et al, Nature Genetics,
2016). We hypothesize that the pathogenesis of PACG could in part
be due to a narrow anterior chamber angle anatomy to begin with,
such as in PACS. We thus set out to investigate whether these PACG
associated genetic variants are also associated with PACS.
Methods: We collected and genotyped a total of 1397 PACS and
927 controls from Singapore of Chinese ethnicity. PACS cases
were defined by the following criteria: the presence of bilaterally
narrow drainage angles (inability to visualize the pigmented
posterior trabecular meshwork in primary gaze for >180 degrees on
gonioscopy) with intraocular pressure <21mmHg and normal optic
discs. Control individuals were those with IOP <21 mmHg with
open angles and normal optic discs. The 8 SNPs were genotyped by
Taqman assays. The association between SNP genotypes and PACS
status was measured using logistic regression. A p-value of 0.006
was set to account for the testing of 8 genetic loci using a Bonferroni
correction.
Results: Of the 8 loci investigated, SNPs at PCMTD1-ST18, EPDR1
and DPM2-FAM102A were found to be significantly associated
with PACS, after adjustment for age and sex. The top associated
SNPs were rs1015213 [A] in PCMTD1-ST18 (odds ratio, OR
2.36, p=0.002), rs3816415 [A] in EPDR1 (OR=1.49, p<0.001) and
rs3739821 [G] in DPM2-FAM102A (OR=1.40, p<0.001). However,
no significant associations were noted for other PACG SNPs
rs3753841 (OR 1.15, p = 0.09), rs11024102 (OR 1.02, p = 0.78),
rs736893 (OR 0.88, p=0.14), rs1258267 (OR 0.92, p=0.37) and
rs7494379 (OR 0.96, p=0.59) in our Chinese PACS subjects.
Conclusions: In our study, 3 of 8 PACG associated loci were
significantly associated with PACS, the earliest stage in the angle
closure glaucoma disease course. The association of these 3 PACG
loci with PACS suggest that these loci may be related to a narrow
angle configuration.
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Expression analysis of primary angle closure glaucoma (PACG)
susceptibility gene PLEKHA7 in ocular tissues of glaucoma
patients and controls
Eranga N. Vithana1, 2, Mei Chin Lee1, 2, William Shei1,
Monisha Nongpiur1, 2, Chiea Chuen Khor3, 7, Tin Aung1, 4,
Walter Hunziker5, 6. 1Singapore Eye Research Institute, Singapore,
Singapore; 2Duke-NUS Graduate Medical School, Singapore,
Singapore; 3Genome institute of Singapore, Singapore, Singapore;
4
Glaucoma, Singapore National Eye Center, Singapore, Singapore;
5
Institute of Molecular and Cell Biology, Singapore, Singapore;
6
Department of Physiology, National University of Singapore,
Singapore, Singapore; 7Department of Biochemistry, National
University of Singapore, Singapore, Singapore.
Purpose: The C allele of the intragenic SNP rs11024102 within
PLEKHA7, is associated with increased risk of PACG. To investigate
its role in PACG pathogenesis, we compared PLEKHA7 expression
levels between control (non-glaucoma), PACG and primary open
angle glaucoma (POAG) subjects.
Methods: Lens capsules were obtained from 29 controls, 36 PACG
and 35 POAG Chinese subjects undergoing lens phacoemulsification.
Iris tissue was collected from 20 PACG and 20 POAG subjects
during trabeculectomy. PLEKHA7 mRNA expression was analysed
by real-time qPCR using GAPDH for normalization. Fold changes
in PLEKHA7 gene expression in lens capsules of PACG and POAG
was compared against non-glaucoma subjects, whereas PLEKHA7
expression in iris was compared between PACG and POAG subjects.
Two-tailed Student’s t test was used to determine differences between
groups, with significance determined at p<0.05.
Results: PLEKHA7 gene expression in PACG lens capsules was
significantly reduced compared to the non-glaucoma control lens
capsules (0.72±0.05, p=8.89×10-7). This was not observed for
POAG samples (0.91±0.14, p=0.253). PLEKHA7 gene expression
in PACG iris tissues was also significantly reduced compared to
POAG (0.82±0.15, p=0.0015). Next we stratified our PACG lens
capsule samples (N=27) by their genotypes (risk C/C, non-risk T/T,
and heterozygous C/T) with respect to rs11024102 and analyzed
the expression level of PLEKHA7. Genotyping indicated 40.8%
of the PACG cases to be (T/T), 33.3% to be C/T and 25.9% to
be homozygous for the risk allele (C/C). In PACG lens capsules,
PLEKHA7 mRNA expression was significantly down regulated
by 26.3±0.11% (p=0.004) in heterozygotes and by 14.95±0.09%
(p=0.026) in the homozygous risk allele carriers when compared
with homozygous non-risk allele carriers. In POAG patients the
expression of PLEKHA7 was not significantly different between the
three genotypes.
Conclusions: PLEKHA7 expression is down regulated in lens
epithelial cells and iris tissues of PACG patients. PLEKHA7
expression in PACG lens capsules is correlated with the presence
of the risk allele of SNP rs11024102. PLEKHA7 co-localizes with
apical junctional complexes of cells of the blood aqueous barrier,
we therefore postulate that low PLEKHA7 expression levels may
lead to a possible dysregulation of the BAB and contribute to PACG
pathogenesis.
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Characteristics of zebrafish with morpholino knockdown of
SYDE2, a candidate gene for optic atrophy
John Borchert, Angela Gauthier, Anna Larson, Janey L. Wiggs.
Massachusetts Eye and Ear Infirmary, Boston, MA.
Purpose: Inherited disorders of the optic nerve cause significant
visual impairment in children and adults. While approximately 50%
of patients with inherited forms of optic neuropathy have mutations
in OPA1, mitochondrial DNA (LHON) or other known genes, the
genetic etiology is unknown for many patients. We have completed
whole exome sequencing (WES) that has identified mutations in
Synapse Defective 1, Rho GTPase, Homolog 2 (SYDE2) in two
families affected by recessively inherited optic atrophy. In this study
we used morpholino-mediated knockdown of SYDE2 in zebrafish
embryos to investigate possible roles for SYDE2 mutations in ocular
development and optic atrophy pathogenesis.
Methods: Translation blocking (TB) and splice site blocking (SS)
morpholinos were designed to knockdown SYDE2 using Genetools.
2.3 nl of 0.25mM morpholino solution was injected into the yolk
of zebrafish embryos prior to reaching the eight cell stage to ensure
homogenous uptake into all cells. An anti-p53 morpholino of the
same concentration as the SYDE2 morpholinos (TB and SS) was coinjected to prevent off-target effects. Negative and uninjected controls
were included for each injection. Embryos were raised in E3 media
at 28 Celcius. Light microscopy photos were taken daily to track
development with detailed measurements performed postmortem
to maintain consistent orientation of the fry. Eye length (anterior to
posterior), eye area, head area and body length were measured using
ImageJ.
Results: Both the TB and SS blocking morpholinos resulted in fry
that had statistically significant (P<0.05) smaller eye length, eye area
and head area when compared to negative and uninjected controls.
Head/eye length ratios were also statistically different from the
controls, indicating that the eyes are disproportionately affected.
Conclusions: Morpholino-mediated knockdown of SYDE2
influences eye size in developing zebrafish. Further evaluation of the
optic nerve in the morphants and rescue experiments using wild-type
and mutant human cDNA are necessary to fully define a role for
SYDE2 in optic nerve disease.
Commercial Relationships: John Borchert, None;
Angela Gauthier, None; Anna Larson, None; Janey L. Wiggs,
None
Support: Funded in part by an award from the Alcon Research
Institute

Program Number: 2139 Poster Board Number: A0245
Presentation Time: 3:45 PM–5:30 PM
Improved understanding of the disease mechanism of steroid
induced glaucoma using gene editing techniques
Xiaowu Gai2, 3, Yang Jing2, 1, Maria E. Sousa4, Michael H. Farkas4,
Qin Liu5, 6. 1Department of Pathology and Laboratory Medicine,
Children’s Hospital Los Angeles, Los Angeles, CA; 2Center for
Personalized Medicine, Children’s Hospital Los Angeles, Los
Angeles, CA; 3Keck School of Medicine, University of Southern
California, Los Angeles, CA; 4Department of Ophthalmology, Jacobs
School of Medicine and Biomedical Sciences, State University of
New York at Buffalo, Buffalo, NY; 5Department of Ophthalmology,
Harvard Medical School, Boston, MA; 6Ocular Genomics Institute,
Massachusetts Eye and Ear Infirmary, Boston, MA.
Purpose: To have an improved understanding of the molecular
and genetic mechanisms of steroid induced glaucoma (SIG), and to
establish a functional assay to screen genetic risk variants.
Methods: The exact disease mechanism of steroid-induced glaucoma
(SIG) is not understood, but decreased phagocytosis capability of
the trabecular (TM) cells has been suspected. SIG shares clinical
similarities with primary open-angle glaucoma (POAG), and almost
all POAG patients are steroid responders. We generated HTM1 cells
lines with either a heterozygous or homozygous POAG causing
Y437H mutation in MYOC gene, as well as MYOC knockout
HTM1 cell lines, using CRISPR/Cas gene editing approaches. By
creating these MYOC mutant HTM1 cell lines with identical genetic
backgrounds, we hope to isolate and identify the molecular and
cellular changes caused by steroid treatment in the steroid responders.
Results: Characterization of Mutant HTM1 Cells
The effect of DEX treatment on the response of ER stress and the
turnover time of myocilin were first evaluated. We observed that the
expression levels of ER stress markers GRP78 and GRP94 detected
by anti-KDEL antibody were similar between the wild type and
MYOC KO lines, while it is significantly higher in the Y437H mutant
lines, after 100 mM of DEX treatment for 15 days. The turnover
time of myocilin in the HTM1 cells was significantly delayed in the
Y437H mutant lines (Figure 1).
Phagocytosis Assay
We evaluated the effect of MYOC-Y437H mutation and DEX
treatment on the phagocytosis ability of fluorescent labeled latex
beads using flow cytometry. The results, as summarized in Figure
2, clearly indicate that 1) the phagocytosis ability of the TM cells
decreases with the DEX treatment, and 2) the Y437H mutation causes
significantly decreased phagocytosis capability, more so when it is
homozygous, and even more so with the DEX treatment.
Conclusions: Using the CRISPR/Cas gene editing techniques, we
a) created multiple isogenic HTM1 cell lines with known POAG
disease-causing mutations; b) provided strong molecular evidences
that decreased phagocytosis capability is indeed the most likely
culprit for SIG; c) established a functional assay to screen for
candidate SIG risk variants.
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Figure 1. Myocilin turns over slower in MYOC Y437H mutant
HTM1 cell lines.

Figure 2. Phagocytosis rate in wild-type and MYOC-Y437H mutant
HTM1 cells before and after DEX treatment.
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Genome-wide RNA-Sequencing analysis reveals a distinct fibrosis
gene signature in the conjunctiva after glaucoma surgery
Cynthia Yu-Wai-Man1, Nicholas Owen1, Jonathan Lees2,
Aristides D. Tagalakis3, Stephen L. Hart3, Andrew R. Webster1,
Christine A. Orengo2, Peng T. Khaw1. 1National Institute for Health
Research (NIHR) Biomedical Research Centre at Moorfields Eye
Hospital NHS Foundation Trust and UCL Institute of Ophthalmology,
London, United Kingdom; 2Bioinformatics Research Group, UCL
Institute of Structural and Molecular Biology, London, United
Kingdom; 3Experimental and Personalised Medicine Section, UCL
Institute of Child Health, London, United Kingdom.
Purpose: Fibrosis is a complex multifactorial disease but little is
known about the mechanisms and molecular pathways driving the
fibrotic process. We have performed the first genome-wide RNASequencing study in fibrosis to compare the conjunctival gene
expression profiles between patients with and without previous
glaucoma surgery.
Methods: We prospectively collected conjunctival tissues from
patients at the time of glaucoma filtration surgery at the Moorfields
Eye Hospital (London, UK). We established 10 primary fibrotic
(FFs) and 7 non-fibrotic (NFs) human conjunctival fibroblast cell
lines from patients with and without previous glaucoma surgery,
respectively. The patients were matched for ethnicity and age. The
RNA sequencing was performed using TruSeq RNA Library Prep kit
v2 and paired-end sequence reads were aligned to the human hg38
reference genome using STAR 2.4.2a. DESeq2 (1.12.3) analysis was
used to identify differentially expressed genes between FFs and NFs.
We also carried out gene ontology and protein network enrichment
analyses on the list of differentially expressed genes. We further
validated genes that were highly upregulated or downregulated using
real-time quantitative PCR.
Results: A total of 246 genes (46 upregulated, 200 downregulated)
were differentially expressed in FFs compared to NFs with more than
a two-fold change and p < 0.05 (Fig 1). Principal component analysis
revealed tight clustering of FFs whereas there was more variability
in NFs. We identified distinct pathways linked to smooth muscle
contraction, inflammatory cytokines, immune mediators, extracellular
matrix proteins, and oncogene expression. Smooth muscle
contraction, proteinaceous extracellular matrix, and growth factor
binding were enriched ontology groups in the biological processes,
cellular, and molecular function components, respectively. There
was also a very high correlation between the RNA-Seq results and
validation of differentially expressed genes by real-time quantitative
PCR (Spearman’s r > 0.9).
Conclusions: There is a distinct fibrosis gene signature in the
conjunctiva after glaucoma surgery. Our study provides new insights
into the mechanistic pathways driving the fibrotic process, as well as
potential novel therapeutic targets and biomarkers of disease severity
in conjunctival fibrosis and other contractile scarring conditions in
the eye.
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Methods: POAG trabecular meshwork specimen was obtained
from trabeculectomy surgery. Non-glaucomatous control trabecular
meshwork specimen was dissected from donor eye. RNA was
extracted and sequenced; we got the gene expression profiles and
analyzed whether the gene expression differences associate with
POAG.
Results: Totally 11567 genes were got, 3901 significantly altered
genes were detected across the genome, 426 genes were upregulated and 3475 genes were down-regulated. Gene ontology
(GO) enrichment of differentially expressed genes involved catalytic
activity, signaling pathway, metabolic process, biological regulation,
developmental process. Genes involved in development process of
ectoderm were mostly down-regulated; Matrix metallopeptidase
1 and genes related to extracellular matrix were mostly downregulated; Carbonic anhydrase III related to regulate aqueous humor
were mostly up-regulated.
Conclusions: The change of gene expression profile of trabecular
meshwork from primary open-angle glaucoma patient may be
associated with structure change and increase formation of aqueous
humor.
Key words: Primary open-angle glaucoma, trabecular meshwork,
RNA-sequencing.
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Gene Expression Profile of Trabecular Meshwork from Primary
Open-Angle Glaucoma Patient by RNA-Sequencing
Mingzhi Zhang. Ophthalmology, Joint Shantou International Eye
Center, Shantou, China.
Purpose: The purpose of this study is to investigate gene expression
profile in trabecular meshwork from POAG patient or control, and to
analyze whether the function of the genes with different expression.
Methods: POAG trabecular meshwork specimen was obtained
from trabeculectomy surgery. Non-glaucomatous control trabecular
meshwork specimen was dissected from donor eye. RNA was
extracted and sequenced; we got the gene expression profiles and
analyzed whether the gene expression differences associate with
POAG.
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Differentially expressed microRNAs in the aqueous humor
of patients with exfoliation glaucoma or primary open-angle
glaucoma
Michelle Drewry1, John Kuchtey2, Iris Navarro3, Shruti Sharma4, W
Daniel Stamer3, Ashok Sharma4, Pratap Challa3, Rachel W. Kuchtey2,
Yutao Liu1. 1Department of Cellular Biology and Anatomy,
Augusta University, Augusta, GA; 2Vanderbilt Eye Institute,
Vanderbilt University Medical Center, Nashville, TN; 3Department
of Ophthalmology, Duke University Medical Center, Durham,
NC; 4Center for Biotechnology and Genomic Medicine, Augusta
University, Augusta, GA.
Purpose: Both exfoliation glaucoma (XFG) and primary openangle glaucoma (POAG) have been linked to decreased outflow
of aqueous humor (AH). Our study aims to elucidate the factors
involved by analyzing the microRNA (miRNA) expression profiles
of AH samples from patients with POAG and XFG compared to nonglaucoma controls.
Methods: Individual AH samples (50-100 µL) were collected from
POAG and XFG patients and controls during surgical procedure.
Total RNA was extracted using the Exiqon miRCURY RNA Isolation
Kit and was characterized with the Agilent Bioanalyzer. miRNA
expression was measured in 12 POAG samples, 12 XFG samples,
and 11 controls using the NanoString Human v3 miRNA Expression
Assay for 800 miRNAs. Data normalization and differential
expression (DE) analysis were done using the nSolver 3.0 software
and the limma Bioconductor package. miRTarBase, Ingenuity
Pathway Analysis, and WebGestalt were used to analyze miRNA
target interactions. The miRNA expression was validated using
droplet digital PCR.
Results: Overall, 205, 295, and 195 total miRNAs were identified in
the POAG, XFG, and control samples, respectively. With a p-value
≤ 0.05 and an absolute log2 fold change ≥ 0.6, our DE analysis
identified 3 miRNAs (miR-125b-5p, miR-302d-3p, and miR-451a)
significantly different between POAG and controls, 5 miRNAs
(miR-122-5p, miR-3144-3p, miR-320a, miR-320e, and miR-630)
between XFG and controls, and 1 miRNA (miR-302d-3p) between
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POAG and XFG. While none of these miRNAs have been previously
linked to glaucoma, miR-122-5p may target two known glaucoma
genes: OPTN and TMCO1. Pathway analysis revealed that these
miRNAs are also involved in potential glaucoma pathways, such
as metabolism, cell death, and cell motility. Of the DE miRNAs,
miR-125-5p and miR-320a are highly expressed in human ciliary
body, cornea, and trabecular meshwork, whereas miR-451a has low
expression in these tissues.
Conclusions: Using the NanoString technology, we have successfully
profiled the miRNA expression in human AH from patients with
POAG and XFG and identified several POAG or XFG-associated
miRNAs in AH, some of which may impact glaucoma-related genes
and pathways. Further investigation into these miRNAs may help us
better understand the pathogenesis of glaucoma subtypes and provide
novel therapeutic targets.
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