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Genomics approaches to identify an elusive defect at chromosome 
17q22 in an autosomal dominant retinitis pigmentosa family
Susanne Roosing1, 2, Muhammad Khan1, 2, Shazia Micheal1, 2, Marijke 
N. Zonneveld-Vrieling1, 2, Beryl Royer-Bertrand4, Carlo Rivolta4, 
Anneke I. Den Hollander3, 1, Carel C. Hoyng3, Frans P. Cremers1, 2. 
1Human Genetics, Radboud university medical center, Nijmegen, 
Netherlands; 2Donders Institute for Brain, Cognition and 
Behaviour, Nijmegen, Netherlands; 3Ophthalmology, Radboud 
university medical center, Nijmegen, Netherlands; 4Department of 
Computational Biology, Unit of Medical Genetics, University of 
Lausanne, Lausanne, Switzerland.
Purpose: The gene defect in a large Dutch autosomal dominant 
retinitis pigmentosa (adRP) family was previously mapped to 
chromosome 17q. Linkage analysis on DNA samples of three 
generations, based on the analysis of affected persons, defined a 
critical region of 17.6 Mb on 17q22. This region contained the CA4 
gene, known to be associated with adRP. To identify the elusive 
genetic defect, we expanded the linkage study by involving persons 
from the fourth generation and performed exome and genome 
sequencing.
Methods: Using a genome-wide SNP array containing 240,000 
highly informative SNPs, DNAs of 35 affected and 28 healthy 
individuals were analyzed and employed for fine mapping of the 
adRP locus. Whole exome sequencing (WES) was performed for 
three affected family members and whole genome sequencing (WGS) 
was done in one of these patients. We searched for rare variants 
shared by the three affected persons and for structural variations in 
our in-house variant and CNV databases. The publically available 
‘control’ databases dbSNP, Kaviar, GoNL, Wellderly were used to 
prioritize unique variants.
Results: Genome-wide linkage analysis confirmed the 17q22 region 
as the only region implicated in this Dutch adRP family. Haplotype 
analysis in 63 family members enabled us to refine the critical 
region. This region spans 16.0 Mb considering recombinations in 
affected persons and 5.1 Mb considering recombinations in affected 
and unaffected persons. The 5.1-Mb region contains 60 genes, 
among which CA4. No coding variants in CA4 were found. WGS 
data revealed a 226-kb tandem-duplication spanning GDPD1 and 
YPEL1, as well as the last exons of SMG8 and LINC01476. Although 
the duplication segregates with the phenotype in the family, its 
significance remains unknown. All adRP locus variants in the WGS 
data were verified using publically available control datasets in view 
of the autosomal dominant inheritance of the genetic defect and 
uniqueness of the locus and phenotype, leaving 615 variants of which 
two are coding variants.
Conclusions: We fine mapped an elusive adRP locus on chromosome 
17q22 by expanding a linkage study in a large Dutch RP family and 
identified a novel tandem-duplication in the 5.1 Mb critical region. 
Additional studies are required to pinpoint the underlying genetic 
defect.
Commercial Relationships: Susanne Roosing, None; 
Muhammad Khan, None; Shazia Micheal, None; Marijke 
N. Zonneveld-Vrieling, None; Beryl Royer-Bertrand, None; 

Carlo Rivolta; Anneke I. Den Hollander, None; Carel C. Hoyng, 
None; Frans P. Cremers, None
Support: MVRF 17-6-2013
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International networks in eye disease - the Asian Eye Genetics 
Consortium (AEGC)
Takeshi Iwata1, Gyan Prakash2, Paul N. Baird3, S Natarajan4. 
1National Institute of Sensory Organs, National Hospital Organization 
Tokyo Medical Center, Tokyo, Japan; 2National Eye Institute, 
National Institutes of Health, Bethesda, MD; 3Center for Eye 
Research Australia, University of Melbourne, East Melbourne, 
Austria; 4Aditya Jyot Eye Hospital, Mumbai, India.
Purpose: Significant advances in DNA sequencing and internet based 
data exchange tis a hallmark of the 4th Industrial Revolution. Decades 
of eye genetic research has shown that genetic variation underpins 
the etiology of eye diseases. These genetic involvements can be 
highly penetrant as in Mendelian eye diseases or highly associated 
as risk factors in common eye diseases. In both cases, a patient 
genome sequence is quickly determined and traced within a family or 
compared with millions of other genome sequences collected around 
the world and stored in a database. However, most of the information 
originates from those of European decent and information on other 
ethnic groups is limited. The Asian Eye Genetics Consortium 
(AEGC, http://asianeyegenetics.org) was established to focus on eye 
research in Asia, the most populated region of the world where this 
information on genetic eye diseases is limited.
Methods: Approximately one hundred eye researchers from Asian 
countries are currently interacting and collaborating to develop 
programs to share, catalogue and collaboratively work to identify the 
genetic aspects of eye diseases. AEGC has the following goals and 
plans:
1. Share genetic information in the Asian population to rapidly 
identify common disease-associated variants
2. Establish a system for accurate diagnosis and grouping of Asian 
eye diseases
3. Establish a system for cost effective genetic analysis
4. Develop a research-oriented database to collect, diagnose and 
catalog eye diseases in Asia
5. Support and foster collaboration among Asian countries for the 
advancement of research providing genetic information to the Asian 
population
6. Collaborate with other international or regional organizations with 
similar goals
7. Organize and hold regional congresses and other educational and 
scientific activities to promote the goals of the consortium
Results: Eye Institutions and Hospitals from 17 countries including 
Australia, China, India, Indonesia, Israel, Japan, Malaysia, Pakistan, 
Philippines, Saudi Arabia, Singapore, South Korea, Sri Lanka, 
Taiwan, Thailand, Turkey, UAE, and USA are involved.
Conclusions: The consortium has brought a collective thinking and 
ideas from the researchers around the world who have an interest in 
genetic eye research in the Asian region.

Commercial Relationships: Takeshi Iwata, None; Gyan Prakash, 
None; Paul N. Baird, None; S Natarajan, None
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Target 5000: Genetic characterisation of a cohort of inherited 
retinal degeneration (IRD) patients
Adrian Dockery1, Matthew Carrigan1, Conor P. Malone2, 
Emma Duignan2, David J. Keegan3, Kirk Stephenson3, 
Giuliana Silvestri4, 5, Andrew Green6, John McCourt7, 
Peter Humphries1, Paul F. Kenna1, 2, Jane G. Farrar1. 1The School of 
Genetics & Microbiology, Trinity College Dublin, Dublin, Ireland; 
2Research Foundation, The Royal Victoria Eye and Ear Hospital, 
Dublin, Ireland; 3The Mater Misericordiae Hospital, Dublin, Ireland; 
4Department of Ophthalmology, The Royal Victoria Hospital, Belfast, 
United Kingdom; 5Centre for Experimental Medicine, Queen’s 
University Belfast, Belfast, United Kingdom; 6Our Lady’s Children’s 
Hospital, Dublin, Ireland; 7RCSI Clinical Research Centre, Beaumont 
Hospital, Dublin, Ireland.
Purpose: While clinical trials are in progress for patients with 
inherited retinal degenerations (IRDs), many such trials require 
patients to have a known causative mutation to participate in 
these trials. The Target 5000 research project aims to genetically 
characterise the estimated 5,000 people in Ireland with IRDs.
Methods: The IRD patient cohort used in the study has been obtained 
via a collaborative network of ophthalmologists whereby if an IRD 
is suspected given consent, a DNA sample is taken and provided to 
a central laboratory for genetic analysis. The study seeks to detect 
previously identified, together with as yet undiscovered, pathological 
mutations in a panel of known retinal degeneration genes utilizing 
target capture next generation sequencing (NGS). The study to date 
includes over 700 IRD patients from more than 400 pedigrees.
Results: To date, as part of Target 5000, over 10% of the Irish IRD 
population has been sequenced providing real insights into the 
genetic architecture of IRDs in Ireland. Target 5000 offers not only 
a chance to discover new relevant and pathogenic mutations, but is 
vital to providing patients with information regarding the underlying 
genetic pathogenesis of their disease. Over 50 novel IRD mutations 
have been discovered to date, as well as some previously ambiguous 
disease phenotypes resolved.
Conclusions: The aim of the study is to genetically characterise 
patients with IRDs in Ireland and in principle potentially enable 
clinical trials to be more accessible for some patients analysed where 
appropriate. Thus far, during the course of the study, genetic analysis 
of IRD patients has helped to resolve ambiguous phenotypes and 
to identify causative mutations in approximately 60% of cases. The 
growing body of data from NGS studies of IRDs globally should 
facilitate better correlations between genotype and phenotype and 
refine methods for diagnoses and prognoses.
Commercial Relationships: Adrian Dockery; Matthew Carrigan, 
None; Conor P. Malone, None; Emma Duignan, None; 
David J. Keegan, None; Kirk Stephenson, None; 
Giuliana Silvestri, None; Andrew Green, None; John McCourt, 
None; Peter Humphries, None; Paul F. Kenna, None; 
Jane G. Farrar, None
Support: Fighting Blindness Ireland, Health Research Board, 
Science Foundation Ireland, Medical Research Charities Group.
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Semi masked analysis reduces bias in whole exome sequencing 
analysis
Laura Bryant1, Olga Lozynska1, Jeannette Bennicelli1, 
Tomas S. Aleman2, Albert M. Maguire2, Jean Bennett1. 1Center 
for Advanced Retinal and Ocular Therapeutics, University of 
Pennsylvania, Philadelphia, PA; 2Ophthalmology, Scheie Eye 
Institute, Philadelphia, PA.
Purpose: Whole Exome Sequencing (WES) is a powerful tool that 
provides detailed information about the genetic mutations in a patient 
population, but the amount of information generated can make the 
analysis time consuming and difficult. We used a semi-masked 
directed approach to efficiently identify pathogenic mutations in 
patients with retinal degeneration.
Methods: In an IRB-approved study, we collected genomic DNA 
from 85 subjects with various forms of retinal degeneration who 
either self-referred or who were diagnosed at UPenn. WES was 
performed by the Penn Genome Frontiers Institute. We used a python 
script to generate a list of candidate genes for each subject consisting 
of any retinal degeneration gene with a low frequency variant in the 
subject, defined as a variant with either an unknown frequency or an 
allele frequency of less than 0.05. After the list of candidate genes 
was made, we prioritized the genes based on the family history and 
patient diagnosis. Segregation analysis of the mutation with the 
family pedigree was performed when possible.
Results: We identified the pathogenic mutations in 56 of the subjects. 
The mutations were in 29 different genes. Some of the subjects had 
a dominant mutation when the family history suggested a recessive 
form of inheritance. Two subjects had syndromic forms of retinal 
degeneration when they had previously been diagnosed with only 
retinal degeneration.
Conclusions: Generating a list of candidate genes without taking into 
account the specific diagnosis or family history allowed us to easily 
identify pathogenic mutations in 56 of the 85 subjects we sequenced. 
Screening for mutations in the genes with known importance to 
retinal function, we were able to quickly eliminate more than half of 
the subjects from further analysis. Retinal phenotype is often used as 
an initial filtering step to help make the dataset a more manageable 
size. Contrarily, we found that limiting the analysis based on the 
diagnosis filtered out too much information and had the potential to 
eliminate disease causing variants from the analysis. It also relies on 
the initial diagnosis being completely accurate, which can be difficult 
when the disease phenotypes have significant overlap. Using only 
retinal degeneration as the initial phenotype resulted in a manageable 
list of potentially pathogenic variants while limiting the amount of 
bias we introduced with our filters.
Commercial Relationships: Laura Bryant, None; Olga Lozynska, 
None; Jeannette Bennicelli, gene therapy patents (P); 
Tomas S. Aleman, None; Albert M. Maguire, Spark Therapeutics 
(F), gene therapy patents (P); Jean Bennett, Novartis (C), GenSight 
Biologics (S), Limelight Biologics (S), Sanofi (C), gene therapy 
patents (P)
Support: NIH training grant 5T32EY007035-37, Foundation 
Fighting Blindness-sponsored CHOP-Penn Pediatric Center 
for Retinal Degenerations, National Eye Institute/NIH grants 
R21EY020662 and 8DP1EY023177, Research to Prevent Blindness, 
the Paul and Evanina Mackall Foundation Trust, the Center for 
Advanced Retinal and Ocular Therapeutics, and the F.M. Kirby 
Foundation
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Identification of pathogenic mutations in patients with inherited 
retinal dystrophies using whole genome sequencing
Kari E. Branham1, Pooja Biswas2, Luis Alexandre Rassi 
Gabriel7, Angel Soto-Hermida2, Hiroko Matsui4, Amalio Telenti6, 
Kelly A. Frazer4, 5, John R. Heckenlively1, Paul A. Sieving3, 
Radha Ayyagari2. 1Ophthalmology and Visual Sciences, University 
of Michigan, Ann Arbor, MI; 2Shiley Eye Institute, University of 
California San Diego, La Jolla, CA; 3National Eye Institute, National 
Institutes of Helath, Bethesda, MD; 4Institute for Genomic Medicine, 
University of California San Diego, San Diego, CA; 5Department 
of Pediatrics and Rady Children’s Hospital, University of California 
San Diego, La Jolla, CA; 6Human Longevity, Inc, San Diego, CA; 
7Department of Ocular Genetics, Brazilian Center of Eye Surgery, 
Goiania, Brazil.
Purpose: To identify the genetic basis for disease in patients affected 
with inherited retinal dystrophies (IRD).
Methods: Blood samples were collected from members of families in 
which pathogenic mutations had not been identified. Whole genome 
sequencing (WGS) of affected and unaffected family members was 
performed using Illumina HiSeq X10. Sequence reads were aligned 
to hg19 using BWA-MEM and variant calling was performed using 
GATK. Variants were annotated with SnpEff v4.11, PolyPhen v2.2.2, 
and CADD v1.3. Copy number variations (CNVs) were called 
using Genome STRiP (svtoolkit 2.00.1611) and SpeedSeq software. 
Variants were filtered to detect rare, potentially pathogenic variants 
segregating with disease. Segregation of candidate variants was tested 
in all available members by Sanger sequencing. Clinical phenotype 
data of patients with IRD, including ophthalmic examination, 
electroretinography, visual field testing, fundus photography, and 
pedigree analysis was reviewed.
Results: The results presented here are part of a larger ongoing 
study to screen families affected with IRD. In total, we screened 22 
families and pathogenic or likely pathogenic variants were found in 
19 families. The results of 4 families affected with IRD are reported 
here. One to four members from each family were included in the 
WGS. On average, 4 to 6 million SNVs were identified in each 
family. After filtering, 2 to 9 possible disease-causing variants were 
identified. Among these, deletions in RPGR and CERKL, a nonsense 
change in CERKL, a single nucleotide duplication in PDE6G, and 
a missense change in CRX were found to segregate with disease in 
4 unrelated families. Of note, the patient with the RPGR mutation 
was affected with retinitis pigmentosa (RP) and a Coat’s like 
neovascularization, which is uncommon in patients with XLRP. The 
family with the duplication in PDE6G is only the second family 
to have been reported with likely pathogenic variants in this gene 
and the only one reported to date with a congenital stationary night 
blindness phenotype. The phenotype from the other two families 
matched with previous genotype-phenotype correlations: one had 
autosomal dominant RP (CRX mutation) and the other autosomal 
recessive Cone-Rod Dystrophy (CERKL mutations).
Conclusions: Performing WGS is an effective method for identifying 
the underlying genetic basis for disease in patients affected with IRD.
Commercial Relationships: Kari E. Branham, None; 
Pooja Biswas, None; Luis Alexandre Rassi Gabriel, 
None; Angel Soto-Hermida, None; Hiroko Matsui, None; 
Amalio Telenti, Human Longevity, Inc (E); Kelly A. Frazer, 
None; John R. Heckenlively, None; Paul A. Sieving, None; 
Radha Ayyagari, Spouse-Pfizer (E)
Support: Foundation Fighting Blindness, Research to Prevent 
Blindness, P30EY022589, NIHEY13198, NIH-EY21237
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Loss of function variants in retinitis pigmentosa genes in NHLBI 
GO Exome Sequencing Project
Jianhuan Chen1, Hongjuan Wang2. 1Wuxi School of Medicine, 
Jiangnan University, Wuxi, China; 2Joint Shantou International Eye 
Center, Shantou University & the Chinese University of Hong Kong, 
Shantou, China.
Purpose: Retinitis pigmentosa (RP) is a group of hereditary retinal 
diseases characterized by progressive degeneration of rod and cone 
photoreceptors. Autosomal recessive RP (arRP) and autosomal 
dominant RP (adRP) are two common forms of RP. Up to date, 
mutations that caused adRP or arRP have been reported in at least 70 
genes, among which lost of function (LOF) mutations could lead to 
severe clinical manifestations. However, it remains unclear how LOF 
variants of RP genes exist in the general population.
Methods: All LOF variants including stop-gained, frameshift and 
splice-site variants were retrieved from the NHLBI GO Exome 
Sequencing Project (ESP version ESP6500, http://evs.gs.washington.
edu/EVS), which consists of more than 6,500 exomes sequenced 
from Non-RP individuals. These variants were further annotated 
using Variant Effect Predictor (http://ensembl.org/Homo_sapiens/
Tools/VEP). Previously reported LOF variants were identified using 
ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/). As the ESP samples 
are not provided with gender information, only autosomal casual 
genes of RP were analyzed, including 23 adRP genes and 47 arRP 
genes. Chi-squared test was used in the statistical analysis.
Results: A total of 255 LOF variants were found in arRP and adRP 
genes. Among the 70 RP genes, 55 (78.57%) of them had at least one 
LOF variant, and 23 (32.86%) had at least one homozygous LOF 
variant. In particular, the fraction of genes with LOF variants was 
significantly smaller in pre-mRNA processing factor genes compared 
to that in other RP genes in the current study (P=0.017). The 
percentage of genes with no LOF variant was 34.78% and 14.89% 
for adRP and arRP genes respectively, suggesting a lower tolerance 
to LOF variants in adRP genes compared to that in arRP genes. In 
addition, 30 LOF variants were reported in previous studies to cause 
autosomal recessive diseases, confirming the existence of recessive 
mutation carriers in the general population.
Conclusions: In conclusion, the current study reveals the existence 
of LOF variants in most adRP and arRP genes in the ESP database, 
including previously reported pathogenic mutations. A high fraction 
of adRP genes with LOF variants were found, suggesting that it 
remains a challenge to understand the role of these LOF variants in 
RP and its related diseases.

Distribution of RP genes with different number of LOF variants
Commercial Relationships: Jianhuan Chen, None; 
Hongjuan Wang, None
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Whole genome sequencing to find missing alleles in patients with 
retinal disease
Adam P. DeLuca, Heather T. Daggett, Jade S. East, Arlene V. Drack, 
Todd E. Scheetz, Val Sheffield, Edwin M. Stone. Stephen A. Wynn 
Institute for Vision Res, University of Iowa, Iowa City, IA.
Purpose: Mutations in any of hundreds of genes can cause inherited 
retinal disease, yet even with an exome-scale tiered genetic testing 
strategy, about a quarter of all cases go unsolved. While a portion of 
the remaining cases are likely caused by novel disease genes, others 
are likely caused by variants in known genes that are not detected 
with current methods. The identification of common missing alleles 
would improve the sensitivity of genetic tests. We studied a subset 
of these unsolved cases in which a combination of genotypic and 
phenotypic information reduced the hypothesis to a single gene with 
a single missing allele.
Methods: Tiered genetic testing – consisting of focused tests 
for common alleles followed by whole-exome sequencing – 
was performed on over 1000 patients clinically diagnosed with 
inherited retinal disease. In 45 negative cases where a combination 
of phenotypic and genotypic information yielded a single gene 
hypothesis, 30x Whole Genome Sequencing (WGS) was obtained. 
This cohort included 10 cases where we suspected Copy Number 
Variants (CNVs) based on exome coverage data. Identified variants 
were confirmed via Sanger sequencing. Segregation and phase were 
established by sequencing available family members. Unrelated 
affected individuals were screened using PCR-based allele-specific 
assays in an attempt to find common missing alleles.
Results: Putative disease-causing variants were identified in 26/45 
cases. Of these 26 cases, 4 had exonic single nucleotide variants, 19 
had CNVs that removed or added exons (including 10/10 suspected 
by exome coverage data), and 3 had structural variants disrupting 
regulatory sequence. Seven of these 26 variants were screened in 
cohorts of unrelated affected individuals but no recurrent mutations 
were identified.
Conclusions: Our data show that if sufficient genotypic and 
phenotypic information exist to narrow a hypothesis to a single gene, 
WGS can identify the missing allele in the majority of cases that are 
negative after allele-specific or exome sequencing.
Commercial Relationships: Adam P. DeLuca, None; 
Heather T. Daggett, None; Jade S. East, None; Arlene V. Drack, 
None; Todd E. Scheetz, None; Val Sheffield, None; 
Edwin M. Stone, None

Program Number: 2757 Poster Board Number: B0084
Presentation Time: 8:30 AM–10:15 AM
Ion Proton system enables reliable genetic diagnosis and 
improves mutation detection rate of inherited retinal dystrophies
Marina Riera1, Rafael Navarro2, Sheila Ruiz-Nogales1, 
Pilar Mendez1, Anniken Bures-Jelstrup2, Borja Corcostegui2, 
Esther Pomares1. 1Genetics, Institut de Microcirurgia Ocular, 
Barcelona, Spain; 2Retina, Institut de Microcirurgia Ocular, 
Barcelona, Spain.
Purpose: Inherited retinal dystrophies (IRD) comprise a wide group 
of clinically and genetically complex diseases that progressively 
affect the retina. Over recent years, the development of next-
generation sequencing (NGS) methods has transformed our ability 
to diagnose these heterogeneous diseases. In this study, we have 
evaluated the implementation of whole exome sequencing (WES) for 
the molecular diagnosis of IRD.
Methods: A total of 59 unrelated families affected by different 
IRD subtypes were included in the study. Ion AmpliseqTM Exome 
technology and Ion ProtonTM platform allowed for the capturing, 
amplification and sequencing of the coding regions of >19,000 
genes. The generated data was filtered to obtain the variants of 212 
genes responsible for more than 25 syndromic and non-syndromic 
IRD. Detected variants were selected according to coverage, minor 
allele frequency, and deleterious potential. For some particular cases, 
pathogenicity was further assessed by in vivo functional studies, 
which were carried out from patient’s RNA blood samples.
Results: A total of 5,294 amplicons covered 98.4% of the coding 
regions and flanking exon/intron boundaries of the IRD genes. On 
average, depth coverage was 121x, with only 3% of the target regions 
showing values <20x. After the genotyping, we found 63 different 
mutations (21 of them novel) in 29 distinct genes. The causative 
variant was identified in 71.18% of the families (42/59). Interestingly, 
the mutation detection rate varied substantially depending on the IRD 
subtype. In addition, functional studies confirmed the deleterious 
impact of variants identified in CDHR1, MERTK, CDH23 and 
RPGRIP1.
Conclusions: In conclusion, we analyzed a large cohort of clinically 
heterogeneous IRD patients using WES and report a diagnostic yield 
greater than 70%, which is higher than most previous studies. The 
improvement displayed in our study may be explained by different 
factors: i) a more accurate clinical characterization; ii) superior gene 
panel design; iii) a more optimal data analysis pipeline; and iv) better 
coverage of the genes of interest. Altogether, our results indicate 
that WES using Ion ProtonTM system is a reliable, hypothesis-free 
approach, and a cost- and time-effective strategy for the routine 
genetic diagnosis of retinal dystrophies.
Commercial Relationships: Marina Riera, None; Rafael Navarro, 
None; Sheila Ruiz-Nogales, None; Pilar Mendez, None; 
Anniken Bures-Jelstrup, None; Borja Corcostegui, None; 
Esther Pomares, None
Support: Fi-201401
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Sequence analysis of 108 genes associated with non-syndromic 
inherited retinal diseases in 3,200 probands using molecular 
inversion probes
Muhammad Khan1, 2, Perez-Carro Raquel3, 4, Dror Sharon5, 
Robert K. Koenekoop6, Carlo Rivolta7, Elfride De Baere8, 
Chris F. Inglehearn9, Susanne Kohl10, Christian P. Hamel11, 
Tamar Ben-Yosef12, Berta De la Cerda13, Daniel F. Schorderet14, 
Sandro Banfi15, Carmen Ayuso3, 4, Frans P. Cremers1, 2. 1Human 
Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, 
Netherlands; 2Donders Institute for Brain, Cognition and Behaviour, 
Radboud University Nijmegen, Nijmegen, Netherlands; 3Department 
of Genetics, Instituto de Investigación Sanitaria-University Hospital 
Fundacion Jimenez Diaz (IIS-FJD, UAM), Madrid, Spain; 4Centre 
for Biomedical Network Research on Rare Diseases (CIBERER), 
ISCIII, Madrid, Spain; 5Departement of Ophthalmology, Hadassah-
Hebrew University Medical Center, Jerusalem, Israel; 6Departments 
of Paediatric Surgery, Human Genetics and Ophthalmology, McGill 
University Health Center, Montreal, QC, Canada; 7Department 
of Computational Biology, University of Lausanne, Lausanne, 
Switzerland; 8Center for Medical Genetics, Ghent University 
Hospital, Ghent, Belgium; 9Department of Ophthalmology and 
Neuroscience, University of Leeds, Leeds, United Kingdom; 10Centre 
for Ophthalmology, Institute for Ophthalmic Research, University 
of Tuebingen, Tuebingen, Germany; 11Institute for Neurosciences 
of Montpellier, University of Montpellier-University Hospital, 
Montpellier, France; 12The Rappaport Faculty of Medicine, Technion-
Israel Institute of Technology, Haifa, Israel; 13Andalusian Molecular 
Biology and Regenerative Medicine Centre (CABIMER), Sevilla, 
Spain; 14Institute for Research in Ophthalmology (IRO), Sion, 
Switzerland; 15Telethon Institute of Genetics and Medicine (TIGEM), 
Pozzuoli, Italy.
Purpose: Non-syndromic inherited retinal diseases (IRDs) display 
an enormous allelic and genetic heterogeneity as ~140 genes 
have been implicated. The purpose of this study was to develop 
a comprehensive genetic sequencing method that can tackle the 
extreme genetic heterogeneity of IRDs in a cost-effective manner.
Methods: The target enrichment procedure was based upon 
molecular inversion probes (MIPs). 6,200 MIPs captured ~1,600 
exons and flanking intronic regions of 108 IRD-associated genes as 
well as selected deep-intronic variants and deletion-breakpoints. The 
individual captured targets were bar-coded, pooled (on average 120 
samples), and sequenced on a NextSeq500 apparatus. The paired end 
reads were mapped to genomic reference; thereafter variant calling 
and annotation was performed using an in-house pipeline.
Results: Sequencing data was obtained for ~3,200 IRD probands. 
Putative causal variants were identified in 47% (n=1500) of the 
cases and the analysis is still ongoing for another 25% of the cases. 
Many IRD cases previously were prescreened for variants in IRD-
associated genes. In DNA samples from 150 unscreened probands, 
we identified (likely) causal variants in 106 cases (71%). In many 
IRD cases novel genotype-phenotype correlations were identified, for 
which clinical data are being re-investigated. About 40 isolated and 
26 autosomal recessive cases were found to have variants in genes 
associated with autosomal dominant (ad) RD. In 4 of these cases for 
whom parent DNAs were available, de novo variants were found. 
Similarly, 15 isolated male and 4 female probands were found to 
carry the likely causal variant in an X-linked gene.
Conclusions: Employing the MIPs technology, we were able to 
provide a genetic diagnosis for ~1,500 individuals with IRDs. The 
results of our study strongly advocate the use of a broad gene panel to 
identify the causal variants in IRDs without subselection based upon 

the presumed inheritance pattern & clinical subtypes. Clearly there is 
a huge unmet need for a cost-effective genotyping tool for IRD cases. 
Patients can now receive a much more accurate clinical prognosis and 
genetic counseling, which is particularly important for (isolated) RD 
cases carrying autosomal dominant or X-linked defects. Our results 
also will enable the recruitment of patients for gene augmentation 
therapies.
Commercial Relationships: Muhammad Khan;  
Perez-Carro Raquel, None; Dror Sharon, None; 
Robert K. Koenekoop, None; Carlo Rivolta, None; Elfride De 
Baere, None; Chris F. Inglehearn, None; Susanne Kohl, None; 
Christian P. Hamel, None; Tamar Ben-Yosef, None; Berta De la 
Cerda, None; Daniel F. Schorderet, None; Sandro Banfi, None; 
Carmen Ayuso, None; Frans P. Cremers, None
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Whole genome sequencing revealed mutations in two 
independent genes as the underlying cause of retinal degeneration 
(RD) in an Ashkenazi Jewish Pedigree
Kevin Gustafson1, Jacque L. Duncan1, Pooja Biswas2, 
Hiroko Matsui3, Angel Soto-Hermida2, John Suk2, Amalio Telenti4, 
Kelly A. Frazer3, 5, Radha Ayyagari2. 1Ophthalmology, University 
of California, San Francisco, San Francisco, CA; 2Shiley Eye 
Institute, University of California, San Diego, La Jolla, CA; 3Institute 
for Genomic Medicine, University of California, San Diego, La 
Jolla, CA; 4Human Longevity, Inc., San Diego, CA; 5Department 
of Pediatrics, Rady Children’s Hospital, Division of Genome 
Information Sciences, San Diego, CA.
Purpose: To clinically characterize the phenotype and identify the 
underlying cause of RD in 2 affected siblings and an affected cousin 
in a non-consanguineous 4-generation pedigree.
Methods: Detailed ophthalmic evaluation was performed in 3 
affected family members. Whole exomes of 3 affected and 2 
unaffected family members were sequenced (WES) using Agilent 
probes and Illumina HISeq. Similarly, whole genomes of family 
members were sequenced (WGS) at 30X depth using Illumina HiSeq 
X10. Sequence reads were aligned using BWA-MEM and variant 
calling was performed using GATK. Copy number variations (CNVs) 
were called using Genome STRiP and SpeedSeq software. Variants 
were filtered to detect rare potentially deleterious variants segregating 
with disease. Segregation was tested by dideoxy sequencing.
Results: Two affected sisters presented with nyctalopia, epiretinal 
membrane, minimal retinal pigmentary change, midperipheral 
visual field loss and rod-greater-than-cone dysfunction beginning 
in the 3rd decade in the older sister and 5th decade in the younger 
sister; their cousin showed bilateral cystoid macular edema and 
reduced visual acuity at age 39, but later developed midperipheral 
scotomas and nyctalopia at age 56. WES did not identify potentially 
pathogenic variants shared by all 3 affected members. However, a 
previously reported mutation p. Arg 76* in KIZ was observed in the 
homozygous state in both affected sisters, but not in the cousin. WGS 
identified about 4 million variants in each individual, but filtering 
these did not find potentially disease causing variants shared by all 3 
affected members. Further analysis revealed the presence of a 1.5 kb 
homozygous deletion encoding a region in a retina specific transcript 
of the C21orf2 in the affected cousin. The sisters with the KIZ 
mutation carried no copies of the C21orf2 mutation, and the cousin 
with the C21orf2 mutation carried no copies of the KIZ mutation.
Conclusions: This study revealed two independent homozygous 
mutations in KIZ and C21orf2 genes associated with autosomal 
recessive rod-cone dystrophy in a 4 generation pedigree. The results 
demonstrate the importance of comprehensive genetic analysis in 
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all affected family members, given that more than one gene may be 
responsible for RD in the same family.
Commercial Relationships: Kevin Gustafson, None; 
Jacque L. Duncan, None; Pooja Biswas, None; Hiroko Matsui, 
None; Angel Soto-Hermida, None; John Suk, None; 
Amalio Telenti; Kelly A. Frazer, None; Radha Ayyagari,  
Spouse - Pfizer (E)
Support: NIH grants EY13198, EY21237, EY002162 and 
P30EY022589; FDA grant R01-41001; Foundation Fighting 
Blindness; Research to Prevent Blindness; Claire Giannini 
Foundation; L.L. Hillblom Foundation; That Man May See, Inc.
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Novel insights in KIF11-related retinopathy
Johannes Birtel1, 2, Martin Gliem1, 2, Elisabeth Mangold3, 
Lars Tebbe4, Isabel Spier3, Philipp Mueller1, 2, Frank G. Holz1, 2, 
Christine Neuhaus5, Uwe Wolfrum4, Hanno J. Bolz5, 6, Peter Charbel 
Issa1, 7. 1University of Bonn, Department of Ophthalmology, Bonn, 
Germany; 2Center for Rare Diseases Bonn (ZSEB), Bonn, Germany; 
3University of Bonn, Institute of Human Genetics, Bonn, Germany; 
4Johannes Gutenberg University of Mainz, Institute of Zoology, Cell 
and Matrix Biology, Mainz, Germany; 5Bioscientia Center for Human 
Genetics, Ingelheim, Germany; 6University of Cologne, Institute of 
Human Genetics, Cologne, Germany; 7University of Oxford, Oxford 
Eye Hospital, Oxford, United Kingdom.
Purpose: Mutations in KIF11 have been associated with a rare 
autosomal dominant syndrome that includes microcephaly, 
lymphedema, and mental retardation. Patients frequently also present 
with retinal changes including chorioretinopathy and/or familial 
exudative vitreoretinopathy (FEVR). This study characterizes patients 
with known and novel KIF11 mutations who were detected based on 
their ophthalmological phenotype.
Methods: Targeted NGS identified the patients with KIF11-
associated disease reported herein. Four patients (age: 3, 5, 36, 
38 years), including one father-daughter constellation, from three 
unrelated families underwent ophthalmic clinical examination 
and imaging, including OCT, fundus autofluorescence imaging 
and fundus photography. To assess retinal function, BCVA and 
electroretinography were performed. Syndromic features were 
assessed and immunohistochemical staining was performed.
Results: There was considerable inter-individual and intra-familial 
phenotypic variability of KIF11-related retinopathy. The 5 and 38 
years-old patients presented with a peculiar cone rod dystrophy 
(CRD), the 3 years-old with chorioretinal dysplasia and the 36 
years-old with a FEVR in one eye and thinning of the photoreceptor 
layer in the fellow eye. The 38 years-old patient with CRD had 
a history of slow deterioration of visual function. Longitudinal 
retinal imaging indicated disease progression. Obvious syndromic 
manifestations were only present in the youngest patient, but minor 
signs, such as a low head circumference, were present in the three 
other individuals. Immunohistochemical staining of neuronal retina 
demonstrated KIF11 localization in the inner segment and in the 
ciliary compartments of photoreceptor cells.
Conclusions: Progressive retinal degeneration in KIF11-related 
retinopathy indicates a role of KIF11 not only in ocular development, 
but also in maintaining retinal morphology and function. The 
remarkable variability of the ocular phenotype suggests four different 
types of KIF11-associated retinopathy which may also occur in 
combination. The lack of obvious syndromic features indicates 
that KIF11 should be included in genetic testing of patients with 
apparently non-syndromic retinal dystrophies. Evaluation of head 
circumference by the ophthalmologist should be considered in 

patients with suspected KIF11-related retinopathy as a shortcut to the 
genetic diagnosis. The localization of KIF11 protein in photoreceptor 
cells indicates a retinal ciliopathy.
Commercial Relationships: Johannes Birtel; Martin Gliem, 
Carl Zeiss Meditec (F), Heidelberg Engineering (F), Optos (F); 
Elisabeth Mangold, None; Lars Tebbe, None; Isabel Spier, None; 
Philipp Mueller, Carl Zeiss Meditec (F), Heidelberg Engineering 
(F), Optos (F); Frank G. Holz, NightstarX (F), Boehringer-
Ingelheim (C), Allergan (F), Carl Zeiss Meditec (F), Thea (C), 
Allergan (R), Bioeq (C), Optos (F), Acucela (F), Genentech/Roche 
(R), Novartis (C), Heidelberg Engineering (F), Novartis (R), Bayer 
(C), Bayer (R), Heidelberg Engineering (C), Novartis (F), Pixium 
(F), Merz (C), Heidelberg Engineering (R), Genentech/Roche 
(C), Acucela (C), Genentech/Roche (F), Bioeq (F), Bayer (F); 
Christine Neuhaus, Bioscientia Center for Human Genetics (E); 
Uwe Wolfrum, None; Hanno J. Bolz, Bioscientia Center for Human 
Genetics (E); Peter Charbel Issa, Carl Zeiss Meditec (F), Heidelberg 
Engineering (F), Optos (F)
Support: ProRetina Foundation
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c.2991+1655A>G CEP290 intronic mutation is a recurrent 
founder allele in Brazilian Individuals with Leber Congenital 
Amaurosis
Fernanda B. Porto1, 2, Evan Jones4, Renata T. Simões3, Rui Chen4, 
Justine Branch4. 1INRET Clínica e Centro de Pesquisa, Belo 
Horizonte, Brazil; 2Retina, Centro Oftalmológico de Minas Gerais, 
Belo Horizonte, Brazil; 3IEP Instituto de Ensino e Pesquisas da Santa 
Casa de Belo Horizonte, Belo Horizonte, Brazil; 4Baylor College Of 
Medicine, Houston, TX.
Purpose: The purpose of this study was to describe: the segregation 
of the c.2991+1655A>G CEP290 intronic mutation in a large non-
consanguineous family with 7 affected individuals and 4 generations, 
from Pinheiro – Maranhão; identify blocks of homozygosity between 
individuals; describe the molecular diagnosis of additional 12 patients 
with Leber Congenital Amaurosis identified in the surrounding cities.
Methods: The proband was sequenced using a targeted capture 
panel including 224 known retinal disease genes. Next-generation 
sequencing (NGS) data was then aligned, processed and filtered 
against control datasets using an in-house custom pipeline. The 
mutation was validated through Sanger sequencing. DNA samples 
of the proband parents and two additional individuals affected 
in the pedigree were Sanger sequenced for the presence of the 
c.2991+1655A>G mutation. After confirming this mutation in these 
samples, they were genotyped using the whole-exome Illumina 
InfiniumCoreExome. The SNP report was filtered, sorted by 
chromosome, and used to infer homozygous blocks across each 
of these individuals. DNA samples of the 12 additional unrelated 
individuals in the surrounding cities and parents were collected and 
screened for the c.2991+1655A>G mutation.
Results: The c.2991+1655A>G has been identified as homozygous 
in the proband and further segregated with the disease. Whole exome 
genotyping of the un-affected parents and affected grandmother’s 
first cousin identified roughly 86MB block of homozygousity 
surrounding this variant in the homozygous affected individuals. 
Without confirmation of consanguinity but the presumed hidden-
consanguinity of this family and on the basis of the conserved 
86MB linked to this pathogenic variant, we propose that the 
c.2991+1655A>G spread through the family and this region by a 
recent founder effect.
Conclusions: The c.2991+1655A>G allele represents a founder 
mutation in our population causing a severe form of LCA. The 
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identification of this founder effect and subsequent mutation may 
improve genetic counseling and greatly simplify the molecular 
diagnosis of this relevant disease.
Commercial Relationships: Fernanda B. Porto, None; 
Evan Jones, None; Renata T. Simões, None; Rui Chen, None; 
Justine Branch, None
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Presentation Time: 8:30 AM–10:15 AM
Para-arterial preservation of the inner retinal layer in Leber 
congenital amaurosis: an early and transient sign of retinal 
degeneration
Ariane de Lassus1, Bart P. Leroy2, 3, Veronika Vaclavik1, 
Daniel F. Schorderet4, Francis L. Munier1, Hoai V. Tran1.  
1Jules-Gonin Eye Hospital, Prilly, Switzerland; 2Ophthalmology, 
Ghent University Hospital, Ghent, Belgium; 3Ophthalmic 
Genetics and Retinal Degenerations clinics, Children’s Hospital 
of Philadelphia, Philadelphia, PA; 4IRO-Inst for Research in 
Ophthalmology, Sion, Switzerland.
Purpose: To describe para-arterial preservation of the inner retinal 
layers (PPIR) as an early, transient sign, of retinal degeneration in 
Leber congenital amaurosis (LCA).
Methods: Five patients from 4 different kindreds diagnosed 
with LCA and presenting with PPIR were included. A comlete 
ophthalmological evaluation including fundus color photography, 
optical coherence tomography (OCT), fundus autofluorescence (fAF), 
electroretinography (ERG), molecular diagnosis, and natural course 
of PRPPE- when available- is reported.
Results: All mutations involved ciliary functions: one patient 
presented with CEP290, two with IQCB1 and 2 with SPATA7 
mutations. ERGs performed shortly after birth were non recordable. 
Initial fundus examinations were otherwise normal but revealed 
an attenuated vascular caliber and coalescent whitish flecks with 
PPIR in the mid-periphery during follow-up. Age of onset /offset 
of PPIR were 30.5+-8.8 months of age /150.0 +- 25.5 months 
later, respectively. OCT revealed accumulation of hyperdense 
lamellar debris from the ellipsoid to the plexiform layer which was 
autofluorescent on blue-light fAF. With time this debris disappeared 
and progressive thinning of the neuroretina was seen.
Conclusions: PPIR seems to be an early sign, albeit of transient 
nature, in the retinal degeneration seen in some forms of LCA. All 
the genes reported in this study are ciliary genes. Further studies are 
needed to confirm this correlation.

Fundus photography of the left eye of a patient with IQCB1 
associated LCA. The confluent whitish flecks in the mid-preiphery 
spare the immediate para-arterial space. Note the diminution of 
arterial caliber and an orange couloured macula.
Commercial Relationships: Ariane de Lassus, None; 
Bart P. Leroy, None; Veronika Vaclavik, None; 
Daniel F. Schorderet, None; Francis L. Munier, None; 
Hoai V. Tran, None
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An ancestral mutation in SAG (S-antigen visual arrestin-1) is a 
common cause of autosomal dominant retinitis pigmentosa in 
Hispanics
Lori S. Sullivan1, Sara J. Bowne1, Kaylie Webb-Jones2, 
John R. Heckenlively3, Daniel C. Koboldt4, Yumei Li5, Rui Chen5, 
Vsevolod Gurevich6, David G. Birch2, Stephen P. Daiger1, 7. 1Human 
Genetics Center SPH, Univ Texas Hlth Sci Ctr Houston, Houston, 
TX; 2Retina Foundation of the Southwest, Dallas, TX; 3Kellogg Eye 
Center, University of Michigan, Ann Arbor, MI; 4The Institute for 
Genomic Medicine, Nationwide Children’s Hospital, Columbus, 
OH; 5Molecular and Human Genetics, Baylor College of Medicine, 
Houston, TX; 6Vanderbilt University, Nashville, TN; 7Ruiz Dept. 
of Ophthalmology and Visual Science, Univ Texas Hlth Sci Ctr 
Houston, Houston, TX.
Purpose: To identify the cause of autosomal dominant retinitis 
pigmentosa (adRP) in a cohort of families without mutations 
in known adRP genes and consequently to characterize a novel 
dominant-acting missense mutation in SAG, a gene previously 
associated with recessive Oguchi disease.
Methods: In a cohort of 300 adRP families, those without mutations 
identified earlier were screened for mutations using targeted-
capture next generation sequencing (NGS) and whole-exome NGS. 
Following identification of a rare SAG variant in several cohort 
families, additional RP probands were screened for the variant. 
Pathogenicity was predicted using Variant Effect Predictor (VEP). 
Haplotypes segregating with the mutation were determined using 
STR and SNV polymorphisms. Genealogies were established by 
interviews of family members. Clinical details are in Birch, et al. 
ARVO, 2017.
Results: Eight adRP families in the cohort without known mutations 
were found to have an identical, heterozygous, missense mutation in 
the SAG gene, c.440G>T; p.Cys147Phe. Four more families with this 
mutation were identified in the additional probands tested. All twelve 
families are of Hispanic descent and most were ascertained in either 
Texas or California. A single haplotype including the SAG mutation 
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was identified in each family, consistent with a common ancestral 
mutation. Interviews suggest the families originated in Mexico 
but have resided in the Southwest U.S. for many generations. The 
mutation is predicted to be pathogenic. The molecular effects of the 
mutation are likely to be protein misfolding/instability, with modeling 
based on the 2.8 Å bovine crystal structure of arrestin-1.
Conclusions: Recessive null mutations in SAG are known to cause 
Oguchi disease, a form of congenital stationary night blindness, 
and are a rare cause of recessive RP. This is the first dominant-
acting mutation identified in SAG, likely to be a founder mutation 
originating in Mexico. The mutation accounts for 3% of our entire 
adRP cohort of 300 families and a much larger fraction (36%) of 
the Hispanic families in this cohort. It is extremely rare in global 
databases and was not found in 4,000+ exomes from Hispanic 
controls. Interviews and the ancestral haplotype suggest the mutation 
arose at least two centuries ago.
Commercial Relationships: Lori S. Sullivan, None; 
Sara J. Bowne, None; Kaylie Webb-Jones, None; 
John R. Heckenlively, None; Daniel C. Koboldt, None; Yumei Li, 
None; Rui Chen, None; Vsevolod Gurevich, None; David G. Birch, 
None; Stephen P. Daiger, None
Support: : Foundation Fighting Blindness; NEI EY09076; NEI 
EY007142; NEI EY011500; William Stamps Farish Fund; Hermann 
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The range of retinal phenotypes in CNGB3 related disease
Ajoy Vincent, Elise Heon. Ophthalmology and Vision Sciences, 
Hospital for Sick Children, Toronto, ON, Canada.
Purpose: To describe in detail the phenotypic and genotypic 
characteristics of CNGB3-related disease in a molecularly confirmed 
cohort.
Methods: A retrospective review of twelve cases (Age Range:  
2 – 36 years; Mean: 12.16 years; Median 7 years) with two 
pathogenic mutations in CNGB3 was performed. Details of clinical 
history, best corrected visual acuity (BCVA) measurements, 
refraction, retinal evaluation and full-field electroretinography 
were obtained from all cases. Spectral domain optical coherence 
tomography (SD-OCT) images were reviewed from 11 cases. 
Contrast sensitivity and color vision testing results were included 
when available.
Results: Photophobia was reported in all cases; nine (75%) had 
history of nystagmus. BCVA ranged between 20/60 – 20/400 in 
eleven cases; the youngest child (2 years) fixed and followed light. 
Six cases had hyperopia or hyperopic astigmatism, and four cases 
had mixed astigmatism. Color vision tests (HRR and/or D15) showed 
wide variability, and ranged between being normal to demonstrating 
severe trichanomalous defects. Dull foveal reflex was noted in nine 
cases (75%), and macular atrophy was seen in one case. Scotopic 
electroretinogram (ERG) responses were normal in 11 cases; one 
case had borderline scotopic ERG amplitudes. The photopic ERG 
responses were non-detectable or markedly attenuated in 9 cases; 
three other cases had detectable photopic ERGs. The SD-OCT 
raster scans showed disruption in the photo-receptor outer segments 
(OS), ellipsoid zone and inner segments (IS) within the foveal 
region in seven cases. Presence of inner retinal layers at the fovea 
consistent with foveal hypoplasia was noted in 6 cases; two cases 
demonstrated an optical gap involving the OS in the central sub-
foveal zone. The frame-shifting variant c.1148delC (p.Thr383fsx13) 
was the commonest mutation identified (16/24 alleles), and was 
found in homozygous state in five cases. All cases that harbored the 

c.1148delC variant in homozygous state had non-detectable photopic 
ERG responses.
Conclusions: Achromatopsia, the commonest CNGB3 phenotype, 
was observed in ten cases; oligocone trichromacy and maculopathy 
phenotypes were found in one case each. Progressive color vision 
loss was noted in one case. Foveal hypoplasia, a developmental 
anomaly was observed in 50% of cases in this series.
Commercial Relationships: Ajoy Vincent, None; Elise Heon, None
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The clinical spectrum of IMPG2-associated retinal dystrophies
Alberta A. Thiadens4, 2, Anne E. de Boer4, J Anneke Kievit5, 
Virginie J. Verhoeven2, 5, Carel C. Hoyng3, Ramon van Huet3, 
Caroline Klaver1, 3. 1Ophthalmology and Epidemiology, Erasmus 
MC, Rotterdam, Netherlands; 2Epidemiology, Erasmus MC, 
Rotterdam, Netherlands; 3Ophthalmology, Radboud UMC, Nijmegen, 
Netherlands; 4Ophthalmology, Erasmus MC, Rotterdam, Netherlands; 
5Clinical Genetics, Erasmus MC, Rotterdam, Netherlands.
Purpose: Mutations in the IMPG2 gene can lead to a variable clinical 
spectrum of retinal dystrophies, ranging from retinitis pigmentosa 
(RP) to adult-onset foveomacular vitelliform dystrophy (AFVD). 
With the development of gene-augmentation therapies, an in-depth 
understanding of the phenotypic spectrum, course and prognosis is 
important. We performed an observational clinical study to describe 
the natural history of IMPG2-associated retinal dystrophies.
Methods: 11 patients from 6 families with IMPG2 mutations 
visited the ophthalmogenetic clinics in Rotterdam and Nijmegen. 
Ophthalmic examination included best-corrected visual acuity 
(BCVA) in Snellen, fundoscopy, color vision testing, Goldmann 
visual field testing, optical coherence tomography (OCT), fundus 
auto-fluorescence (FAF), and full-field electroretinography (ff-ERG). 
Age of onset and family history were recorded from medical files. We 
performed whole exome sequencing (WES) followed by segregation 
analyses. We evaluated visual prognosis with Kaplan Meier survival 
analyses.
Results: The median follow-up time was 12 years (range 1-20). The 
mean age of onset was 43 years (range 31-58) and the mean age of 
WHO blindness (BCVA ≤ 0.10) was 66 years for AFVD. The RP 
patients (n=2) still had BCVA 0.50 at age >40 years. Patients with 
AFVD showed autofluorescent lipofuscin material in the fovea on 
FAF and OCT, intact peripheral visual fields, and normal photopic 
and scotopic responses on ff-ERG. The patients with RP showed no 
lipofuscin on FAF and OCT, had severe constricted visual fields, 
and absent photopic and scotopic responses on ff-ERG. WES 
analyses confirmed causal stopmutations in the IMPG2 gene in all 
patients. Segregation analyses confirmed an autosomal dominant 
(AD) inheritance mode in 5 families with AFVD, and an autosomal 
recessive (AR) pattern in 1 family with RP.
Conclusions: AD IMPG2 inheritance showed an AFVD phenotype, 
whereas AR inheritance caused RP in our families. It remains 
intriguing how mutations in the same gene can lead to these 
diverse clinical entities. Future gene therapy should take notice of a 
broader window of time for intervention in RP than in AFVD. For 
appropriate clinical counselling, one should be aware of the relevance 
of segregation analyses and family history in patients with IMPG2 
mutations.
Commercial Relationships: Alberta A. Thiadens, 
None; Anne E. de Boer, None; J Anneke Kievit, None; 
Virginie J. Verhoeven, None; Carel C. Hoyng, None; Ramon van 
Huet, None; Caroline Klaver, None
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The Phenotype-Genotype Correlation in Brazilian CRB1 Patients
Fabiana L. Motta1, Mariana V. Salles1, Karita A. Costa1, Rafael F.  
da Silva2, Renan P. Martin2, Juliana M. Sallum1. 1Ophthalmology, 
Federal University of São Paulo, São Paulo, Brazil; 2Biophysics, 
Federal University of São Paulo, São Paulo, Brazil.
Purpose: Mutations in at least 250 genes have been associated with 
inherited retinal dystrophy (IRD). Pathogenic variants in CRB1 lead 
to a variety of phenotypes ranging from retinitis pigmentosa (RP) 
to more severe diseases such as Leber congenital amaurosis (LCA). 
This retrospective study aimed to assess the genotype-phenotype 
correlation in Brazilian patients with CRB1 variants.
Methods: We reviewed 230 medical records of Brazilian patients 
with molecular tests for IRD. Patients with CRB1 variants were 
selected and their genetic data, medical history and eye exams were 
collected. The clinical diagnosis was made based on their signs and 
symptoms, age of onset and fundus features. The HGMD, ExAC 
and 1000 Genomes Project databases and Poly-Phen2, SIFT and 
PROVEAN pathogenicity prediction softwares were used to evaluate 
variants.
Results: Among the 230 medical records of IRD patients analyzed, 
13 cases of unrelated patients with CRB1 variants were selected. 
Seven patients had clinical diagnoses of LCA, three patients had RP, 
two patients had cone-rod dystrophy and one patient had early-onset 
retinal dystrophy. Six new CRB1 variants were identified: four 
missense variants (p.Leu479Pro, p.Ala921Pro, p.Cys948Arg and 
p.Asp1031Asn) and two frameshift deletions (c.2536_2542del7 and 
c.3460_3461delTG). According to the criteria of effect in the protein 
structure, amino acid conservation, frequency in the population and 
classification by pathogenic predictors, all variants found can be 
classified as likely pathogenic. All LCA subjects had more severe 
pathogenic variants (premature termination or protein tertiary 
structure changes) in both allele. On the other hand, RP and cone-rod 
dystrophy patients have mostly missense variants that do not affect 
cysteines involved in disulfide bonds. Finally, the early-onset retinal 
dystrophy patient had an intermediate phenotype and genotype, 
i.e. a missense variant (p.Arg764His) and a premature truncation 
(p.Arg1390*), but the latter disrupts the protein in the intracellular 
region, conserving the intracellular FERM motif.
Conclusions: Our data suggest that there was a direct relation 
between phenotype severity and the mutation effect on protein 
functionality in the aforementioned CRB1 patients. In summary, the 
mutation spectrum is proportional to the severity of IRD. In addition, 
the causal association between CRB1 pathogenic variants and cone-
rod dystrophy was reinforced by this study.
Commercial Relationships: Fabiana L. Motta, None; 
Mariana V. Salles, None; Karita A. Costa, None; Rafael F. da 
Silva, None; Renan P. Martin, None; Juliana M. Sallum, None
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Genotype - phenotype analysis in a family with autosomal 
dominant retinitis pigmentosa and a mutation in SNRNP200
Christina Gerth-Kahlert1, Amit Tiwari2, Angela Bahr2, 
James V. Hanson1, Wolfgang Berger2, 3. 1Dept of Ophthalmology, 
University of Zurich, Zurich, Switzerland; 2Institute of Medical 
Molecular Genetics, University of Zürich, Schlieren, Switzerland; 
3Zurich Center for Integrative Human Physiology (ZIHP), University 
of Zürich, Zurich, Switzerland.
Purpose: Mutations in SNRNP200 are associated with autosomal 
dominant retinitis pigmentosa (RP). We performed whole exome 
sequencing (WES) in a patient with RP and evaluated the phenotype 

characteristics in the patient’s family. which shows a potentially 
pathogenic mutation in the SNRNP200 gene. 
Methods: The index patient and 3 of the affected family members 
received a comprehensive eye examination with a detailed 
retinal functional (ffERG; mfERG) and morphological (OCT; 
autofluorescence) assessment. Genetic testing was performed by 
WES in the index patient using an Illumina NextSeq 500 platform. 
Sequence data were compared with the reference human genome 
hg19. Alignment and variant calling was performed at the Base 
Space Onsite. Annotation of variants was done using Alamut-Batch 
and visualized by Alamut-Viewer. Potentially disease-associated 
sequence variants in retinal disease genes were then confirmed by 
Sanger sequencing in additional affected and one unaffected family 
members.
Results: All patients described nyctalopia as the first presenting 
symptom during childhood to young adulthood. Visual acuity ranged 
from 20/30 (age 35yrs) to 20/200 (age 68yrs). 2/4 patients are highly 
myopic. FfERG responses were non-recordable, mfERG responses 
were severely diminished. Retinal morphology showed typical signs 
of RP with severely diminished outer retinal layers on OCT. One 
obligate carrier does not report visual symptoms but was not yet 
available for testing. Genetic analysis revealed a missense variant in 
exon 25 of the SNRNP200 gene as the most likely disease-associated 
sequence variation in the index patient (c.3260C>T, p.Ser1087Leu). 
The same mutation was previously reported as pathogenic, is 
predicted to be strongly pathogenic and is also predicted to affect 
canonical splicing of exon 25. Subsequent segregation analysis in 
additional affected and unaffected family members supported this 
interpretation. In addition, the index patient had novel compound 
heterozygous variants in the MYO7A gene (p.Tyr1580Cys and 
p.Glu1794Lys) and previously disease-associated heterozygous 
variants in CRB1 (p.Arg1331His) and AIPL1 (p.Arg324Leu). These 
variants may act as disease modifiers.
Conclusions: An amino acid substitution in SNRNP200 appears 
to cause a typical RP phenotype with intra-familial variability and 
incomplete penetrance in the investigated family.
Commercial Relationships: Christina Gerth-Kahlert, None; 
Amit Tiwari, None; Angela Bahr, None; James V. Hanson, None; 
Wolfgang Berger, None

Program Number: 2768 Poster Board Number: B0095
Presentation Time: 8:30 AM–10:15 AM
Targeted next generation sequencing in Italian patients with 
Usher syndrome: phenotype genotype correlations
Chiara M. Eandi1, Alessandro Mariottini2, Camilla Alovisi1, 
Francesca Torricelli2, Luca Musso1, Cristiana Marchese3. 
1Department of Surgical Sciences, Eye Clinic, University Torino, 
Torino, Italy; 2Diagnostic Genetic Unit AOU Careggi, Firenze, Italy; 
3Inherited retinal dystrophies Unit, Azienda Ospedaliera Ordine 
Mauriziano Torino, Torino, Italy.
Purpose: This study analysed the genotype-phenotype correlation 
in Usher syndrome (USH) patients with known and novel mutations 
in Usher related genes identified with targeted next generation 
sequencing (NGS).
Methods: This is a retrospective study. A group of 19 consecutive 
Italian patients (14 males and 5 females) from 15 unrelated families 
with a clinical diagnosis of USH underwent to a complete ophthalmic 
examination, electroretinogram (ERG), visual evoked potentials 
(VEP), visual field test, and optic coherence tomography (OCT). 
Targeted next generation sequencing (NGS) of coding regions and 
exon-intron junctions of a panel of 11 Usher related genes (MYO7A, 
CDH23, PCDH15, USH1C, USH1G, USH2A, ADGVR1/GPR98, 
DFNB31, CLRN1, PDZD7, and HARS) was performed.
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Results: NGS of 11 Usher related genes (MYO7A, CDH23, 
PCDH15, USH1C, USH1G, USH2A, ADGVR1/GPR98, DFNB31, 
CLRN1, PDZD7, HARS) was applied to 19 clinical diagnosed USH 
patients (4 type 1, 15 type 2). Retrospective analysis of phenotypic 
characteristics was conducted, particularly, age of onset of deafness, 
visual deficiency and equilibrium impairment.
35 pathogenic variants - 22 previously reported and 13 novel - were 
identified in four genes (USH2A, MYO7A, ADGRV1/GPR98, 
CDH23). Biallelic MYO7A and USH2A mutations were detected in 
all USH1 and USH2 patients, respectively. In two patients one of the 
USH2A alleles carried two mutations. In USH1 deafness occurred in 
early childhood (5 months) and visual impairment at 1, 4 and 6 years 
with the exception of one patient (20 years). In patients with USH2 
deafness onset ranged from 11 months to 14 years. A homozygous 
deletion/duplication in USH2A was detected in the patient with early 
deafness onset. Visual impairment onset was from 10 to 30 years. A 
homozygous large deletion (exon 23 to 32) was associated with early 
symptoms
Conclusions: The type of mutation in USH2A and MYO7A genes 
affects the age of onset of deafness and visual impairment. The 
definition of the genotype by segregation analysis is indicated due 
to the presence of alleles with more than one mutation. Genotype 
knowledge may assist in both clinical diagnosis and genetic 
counselling of these patients.
Commercial Relationships: Chiara M. Eandi, None; 
Alessandro Mariottini, None; Camilla Alovisi, None; 
Francesca Torricelli, None; Luca Musso, None; 
Cristiana Marchese, None

Program Number: 2769 Poster Board Number: B0096
Presentation Time: 8:30 AM–10:15 AM
Clinical and molecular analysis in a family with X-linked retinitis 
pigmentosa due to a novel mutation in RPGR
Aline Astorga Carballo, Vanessa Ruiz Villegas, Rodrigo Matsui. 
Retina, Conde de Valenciana, Mexico, Mexico.
Purpose: To describe the clinical and molecular characteristics of a 
mexican family with a novel RPGR-ORF 15 mutation.
Methods: Setting. Institute of Ophthalmology “Conde de 
Valenciana”, at Mexico City.
Methods.
The study included a 10 affected patients and 4 carriers evaluated at 
the Institute of Ophthalmology “Conde de Valenciana”. Diagnosis of 
X-linked retinitis pigmentosa (XLRP) was made based in pedigree 
analysis and results of a number of tests including best corrected 
visual acuity (BCVA), fundoscopic examination, electroretinography 
(ERG), kinetic perimetry, fundus autofluorescence (FAF), and optical 
coherence tomography (OCT). Genetic analysis of the entire RPGR 
gene was done in genomic DNA by means of PCR followed by direct 
nucleotide sequencing using Sanger sequencing.
Results: Fundoscopy examination of the affected patients 
revealed pigmentary abnormalities at the midperiphery region. 
OCT showed decreased outer nuclear layer (ONL) thickness at 
1.51 millimeters from the fovea. En face imaging with infrared 
reflectance showed increased reflectivity in the perimacular region. 
A hyperautofluorescent ring in the foveal region was documented 
with short-wave fundus autofluorescence. Goldmann kinetic 
perimetry showed a 10 degree central island of vision. Full-field 
electroretinogram showed a non-detectable rod or cone response. 
Molecular analysis disclosed a novel c.2492delA hemizygous 
mutation at RPGR ORF 15, predicting a frameshift and the 
introduction of a stop codon at p.Glu831fs*1091. Genetic analysis in 
DNA from the carriers also confirmed the mutation.

Conclusions: In an era in which some inherited degenerative retinal 
conditions can be treated by gene therapy, molecular diagnosis has 
a great importance for definitive diagnosis of retinal diseases. This 
study provides a detailed description of the clinical features of a 
XLRP family1 originated by a novel mutation in RPGR ORF 15.
No Financial disclosure

Commercial Relationships: Aline Astorga Carballo, None; 
Vanessa Ruiz Villegas, None; Rodrigo Matsui, None
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Characterising X-linked Inherited Retinal Disease in New 
Zealand identifies unique population demographics and 
genotypes
Andrea L. Vincent1, 2, Eileen Song1, Shilpa Kuruvilla1, 2, Naz Raoof1, 2, 
Katherine van Bysterveldt1, Verity F. Oliver1. 1Ophthalmology, 
Faculty of Medical and Health Sciences, New Zealand National 
Eye Centre, University of Auckland, Auckland, New Zealand; 2Eye 
Department, Greenlane Clinical Centre, Auckland District Health 
Board, Auckland, New Zealand.
Purpose: To characterize the spectrum of X-linked inherited retinal 
disease (XL-IRD), and to establish a genotype-phenotype correlation 
within the New Zealand population.
Methods: Probands with XL-IRD (Rod-cone dystrophy RP, 
Choroideraemia CHM, Congenital stationary night blindness CSNB, 
Retinoschisis RS, Blue cone monochromatism BCM, and Ocular 
albinism OA) were identified through family history and positive 
gene testing, from the 652 patients recruited in the IRD Database. 
Familial segregation and clinical data for affected male and obligate 
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carrier female was undertaken. Bioinformatics of novel variants 
included pathogenicity prediction and frequency in population 
databases.
Results: X-Linked inherited retinal disease was molecularly proven 
in 39 probands. (XLRP n=16, CHM n=6, CSNB n=5, XLRS n=8, 
BCM n=2, XLOA n=2), and segregation confirmed in family 
members where available. 37 unique pathogenic variants were 
present, with 17 not previously described (43.5%). Mutations in exon 
ORF15 of RPGR accounted for only 31% (5/16) of XLRP, with one 
novel change in a NZ Māori family, segregating with disease in 18 
family members. One RP2 mutation was identified. Two reportedly 
unrelated Caucasian families had the same novel mutation (RPGR, 
intron3, c.248-10A>G). Novel RPGR variants were present in 2 
Polynesian/NZ Māori families, the remainder were Caucasian. 4 
families showed significant manifestations in female carriers, and 
were initially diagnosed with dominant disease. For CSNB, disease 
was attributable to CACNA1F in 4 families, with 75% variants novel. 
In CHM 83% of variants were novel, and 83% were indels.
Conclusions: In an era where clinical trials for some XL-IRD are 
underway, a timely diagnosis is necessary. The genotypic spectrum 
in an XL-IRD New Zealand population differs significantly from that 
reported in other populations. The majority of variants identified were 
unique, with 43% of changes not previously reported. The frequency 
of ORF15 variants in XLRP was 31%, suggesting screening RPGR 
prior to ORF15 is a more cost effective strategy. Significant disease 
manifestation in female carriers was observed (33%), consistent 
with the observation that XLRP may mimic autosomal dominant 
inheritance. This study highlights the importance of local knowledge 
in IRD, to optimize diagnosis, targeted gene screening, management, 
and treatment.
Commercial Relationships: Andrea L. Vincent, None; 
Eileen Song, None; Shilpa Kuruvilla, None; Naz Raoof, None; 
Katherine van Bysterveldt, None; Verity F. Oliver, None
Support: Retina New Zealand, Ombler Charitable Trust, Save Sight 
Society New Zealand, University of Auckland

Program Number: 2771 Poster Board Number: B0098
Presentation Time: 8:30 AM–10:15 AM
Novel mutations in PRPF31 cause autosomal dominant retinitis 
pigmentosa identified by whole exome sequencing
Haoyu Chen, Xiaoqiang Xiao, Zhun Zhang, Yingjie Cao, 
Yuqian Zheng. Joint Shantou International Eye Center, Shantou, 
China.
Purpose: Retinitis pigmentosa (RP) is a genetically heterogeneous 
disease characterized by degeneration of photoreceptor and retinal 
pigment epithelium. Although many genetic mutations have been 
identified, these mutations count for only 60% of RP. The purpose 
of this study is to explore the genetic causes in three Chinese RP 
patients.
Methods: Three families with RP underwent a comprehensive 
ophthalmic examination. Blood samples of the RP patients and 
healthy control were obtained from these three families and used 
for DNA extraction. Genomic DNA was then sent for whole-exome 
capture followed by sequencing. The whole exome was captured 
using Agilent Sure Select Human All Exon Kit according to the 
manufacturer’s instructions. HiSeq 2500 platform was used for 
paired-end sequencing with read lengths of 100 bp and average 
coverage depth of at least 100× for each sample. After filtering 
against 1000 Genomes Project, 1000G_ASN, esp6500si_all, and 
dbSNP137, variants were verified in the remaining family members 
by PCR amplification and Sanger sequencing. The impaired protein 
function was predicted by on line software. The structure and express 
of this protein were analyzed by PDB and Genepaint database.

Results: All the affected subjects in the three pedigrees were 
diagnosed with RP. Through whole exome sequencing (WES) and 
thereafter confirmation with PCR-Sanger sequence,thetwo frameshift 
mutations c.547del G (p.E183fs), c.804del G (p.L268fs) occurring at 
RP-F1 and RP-F2 family and a stopgain mutation c.1060C>T 
(p.R354X) occurring at RP-F3 family in the Pre-MRNA Processing 
Factor 31(PRPF31) gene were identified in the three families, 
respectively. The mutations were co-segregated within the pedigrees. 
These mutations showed impaired functions to its protein. Referring 
to the second and three dimensional structure model of PRPF31 
protein shows the two frameshift mutations locate at the RNA 
binding domain of PRPF31 protein and the stopgain mutationp.
R354X locates at the NLS domain, thus might change its the nuclear 
localization.The results of genepaint show PRPF31 highly express in 
most tissues.
Conclusions: Through WES, we identified two novel 
mutations,c.547del G (p.E183fs), c.804del G (p.L268fs) and a 
recurrent mutation c.1060C>T (p.R354X), in PRPF31 in three 
Chinese pedigrees.
Commercial Relationships: Haoyu Chen, None; Xiaoqiang Xiao, 
None; Zhun Zhang, None; Yingjie Cao, None; Yuqian Zheng, 
None

Program Number: 2772 Poster Board Number: B0099
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Identification of a novel SDCCAG8 gene variant in a family with 
retinitis pigmentosa and kidney failure
Benjamin Bakall1, 2, Pooja Biswas4, Hiroko Matsui3, John Suk3, 
Amalio Telenti5, Kelly A. Frazer3, Radha Ayyagari4. 1University of 
Arizona College of Medicine Phoenix, Phoenix, AZ; 2Associated 
Retina Consultants, Phoenix, AZ; 3Institute for Genomic Medicine, 
University of California San Diego, San Diego, CA; 4Shiley Eye 
Institute, University of California San Diego, La Jolla, CA; 5Human 
Longevity Inc, San Diego, CA.
Purpose: To describe the clinical phenotype and molecular analysis 
of a proband with autosomal recessive retinitis pigmentosa and 
kidney failure.
Methods: The clinical phenotype was characterized in a proband 
from a consanguineous family with four of nine siblings affected 
by retinal dystrophy and kidney failure. Visual function was 
assessed with visual acuity, semi-automated kinetic visual field, 
full field electroretinogram (ERG), fundus photography and ocular 
coherence tomography (OCT). Whole-genome sequencing (WGS) 
was performed on the proband using the Illumina protocols and 
HiSeqX10. The reads were aligned to human genome hg19 with 
decoy sequences using BWA-MEM with default parameters. Variant 
calling was performed using GATK following the best-practice 
pipeline guidance. The called variants were annotated based on 
frequency, ExAC, SnpEff, PolyPhen2, and CADD score. Mutational 
analysis of the mother and proband was performed by Sanger 
sequencing.
Results: The male proband experienced nyctalopia in the third 
decade and was diagnosed with retinitis pigmentosa in the fifth 
decade. The semi-automated kinetic visual field showed severe 
constriction with an inferior preserved visual island and the ERG 
was consistent with advanced retinal dystrophy in each eye. OCT 
exhibited outer retinal atrophy with foveal sparing in both eyes. 
Three other siblings experienced similar retinal dystrophy. All four 
affected family members had kidney failure. The WGS revealed 
a rare novel homozygous nonsense variant c.481C>T, p.Gln161* 
in the Serologically Defined Colon Cancer Antigen 8 (SDCCAG8 
- NM_006642.3) gene and segregation analysis was confirmed 
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with a maternal sample. TheSDCCAG8 gene is associated with 
nephronophtisis-related ciliopathies (OMIM #613524)
Conclusions: WGS analysis identified a novel homozygous nonsense 
variant p.Gln161* in the SDCCAG8 gene in a male proband affected 
by retinal-renal ciliopathy.
Commercial Relationships: Benjamin Bakall, None; 
Pooja Biswas; Hiroko Matsui, None; John Suk, None; 
Amalio Telenti, Human Longevity Inc. (E); Kelly A. Frazer, None; 
Radha Ayyagari, Spouse - Pfizer (E)
Support: Foundation Fighting Blindness, Research to Prevent 
Blindness, P30EY022589, NIHEY13198, NIH-EY21237

Program Number: 2773 Poster Board Number: B0100
Presentation Time: 8:30 AM–10:15 AM
Severe congenital stationary night blindness due to GUCY2D 
mutations
Scott E. Brodie1, Arlene V. Drack2, Edwin M. Stone2. 1Ophthalmology, 
Icahn School of Medicine at Mount Sinai, New York, NY; 2Wynn 
Institute for Vision Research, University of Iowa, Iowa City, IA.
Purpose: We describe a novel form of congenital stationary night 
blindness associated with mutations in the GUCY2D gene.
Methods: We report clinical and genetic findings of 4 patients from 3 
unrelated families who presented with night blindness, normal fundi, 
full visual fields, and excellent visual acuity. Clinical evaluations 
included fundus imaging, spectral mode OCT, Goldmann visual 
fields, formal dark adaptometry, full-field stimulus testing (FST), 
and full-field electroretinography according to ISCEV standards. All 
patients underwent whole-exome DNA testing. Plausible causative 
mutations were identified using standard heuristic algorithms.
Results: Three unrelated patients presented with complaints of night 
blindness since early childhood. Visual acuities ranged from 20/15 
to 20/25-2. Goldmann visual fields were full to peripheral isopters, 
and normal or nearly normal centrally. Formal dark adaptometry 
demonstrated less than 0.5 log units of decrease in scotopic threshold 
over 20 minutes. FST demonstrated reduced retinal sensitivity to 
less than or equal to 1/3 of normal. Dilated fundus examination 
was normal. Spectral mode OCT was normal, or suggested a slight 
lucency in the outer segment ellipsoid line centrally in three patients. 
One patient had thinned ONL outside of the fovea. Full-field 
electroretinography was strikingly abnormal, with reduced photopic 
responses with increased implicit times, and absent responses to 
a dim, rod-isolating flash stimulus. Responses to the full-strength 
dark-adapted flash stimulus closely resembled the scaled responses 
to photopic single flashes, presumably due to cone activity. Whole-
exome DNA analysis identified heterozygous mutations in the 
GUCY2D gene as the only likely causative mutations (see Table). 
Subsequently, a sibling of one of the initial patients presented with 
similar findings, and the same GUCY2D mutations.
Conclusions: We report a small cohort of patients with a novel 
night-blindness syndrome associated with mutations in GUCY2D. 
These findings differ from previous reports of patients with GUCY2D 
mutations, who have been described with Leber congenital amaurosis 
or cone-rod dystrophy. In contrast, our patients have excellent visual 
acuity, normal fundi, and stationary night blindness, with ERG 
findings suggesting a complete absence of rod function.

Commercial Relationships: Scott E. Brodie; Arlene V. Drack, 
None; Edwin M. Stone, None
Support: Support for this research was provided by the Ronald 
Keech Professorship (Drack)
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Presentation Time: 8:30 AM–10:15 AM
Simultaneous expression of ABCA4 and USH2A mutations in one 
sporadic RP patient
Liping Yang. Peking University Eye Center, Peking University Third 
Hospital, Beijing, China.
Purpose: To describe a complex, overlapping phenotype expressed 
in a sporadic RP patient who harboring pathogenic mutations in the 
ABCA4 and USH2A genes.
Methods: A specific hereditary eye disease enrichment panel 
(HEDEP) based on exome capture technology was used to collect the 
protein coding regions of 441 targeted hereditary eye disease genes, 
followed by high-throughput sequencing on the Illumina HiSeq2000 
platform. Four potential disease causing mutations were identified. 
Segregation analysis was done in the available family members and a 
large cohort of controls with Sanger sequencing.
Results: Affected individuals presented with bull’s eye lesions 
and typical bone-spicule pigment deposition in the med-peripheral 
retina. HEDEP analysis demonstrated that the patient carried two 
compound heterozygous mutations both in ABCA4 (c.6088C>T;p.
R2030* and c.5318C>T; p.A1773V) and USH2A (c.4758+3A>G 
and c.1624A>G;p.S542G). The mutations p.R2030* and p.S542G 
were inherited from his father, and the mutations p.A1773V and 
c.4758+3A>G were inherited from his mother. Both his father and 
mother were unaffected.
Conclusions: An individual carrying both ABCA4 and USH2A 
disease-causing mutations can express a complex, overlapping 
phenotype associated with both Stargardt disease and RP.
Commercial Relationships: Liping Yang, None
Support: NSFC
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Program Number: 2775 Poster Board Number: B0102
Presentation Time: 8:30 AM–10:15 AM
Segregation analyze in Stargardt patients’ families: investigation 
of complex allele in ABCA4 gene
Mariana V. Salles1, Fabiana L. Motta3, Karita A. Costa1, 
John Chiang2, João Bosco Pesquero3, Juliana M. Sallum1. 
1Ophthalmology, UNIFESP, Sao Paulo, Brazil; 2Molecular Vision 
Laboratory, Portland, OR; 3Biophysics, UNIFESP, Sao Paulo, Brazil.
Purpose: To investigate occurrence of two mutations in the same 
chromosome in ABCA4 gene in Brazilian patients with diagnosis of 
Stargardt disease
Methods: The ABCA4 gene was first sequenced with next generation 
technique in the Stargardt patients. For the conclusion of the 
molecular tests, segregation analyze is useful to determinate the 
family inheritance of each pathogenic variation. Among a group of 23 
families, 10 families were selected for segregation analysis to study 
the possibility of complex alleles. As inclusion criteria the proband 
must have three pathogenic variations or two variations suspect to 
be at a single chromosome (complex allele). The Sanger sequencing 
technique was used for segregation analysis. The molecular results 
were compared with available databases. Besides the genetic 
evaluation, the clinical characteristics of the patients were evaluated
Results: Those 10 families underwent the segregation analysis and 
it was able to confirm the presence of three different complex allele 
in ABCA4 gene. They were: [p.Leu541Pro and p.Arg1443His] 
in three families; [p.Leu541Pro and p.Ala1038Val] in one family 
and [p.Ser1642Arg and c.5044_del15bp] in six families. The 
[p.Leu541Pro and p.Ala1038Val] was already known but the other 
two are new (Fig.1). Stargardt disease is autosomal recessive when 
caused by variations in ABCA4 gene. The molecular diagnoses can 
be conclusive if with the complex allele the patient also has another 
pathogenic variation in the other chromosome. In addition to that 
new information, the molecular tests identify 2 new variations as the 
second allele in ABCA4 gene
Conclusions: The segregation analysis was important to confirm 
the molecular diagnosis of patients with Stargardt disease due to 
the possible presence of more them two pathogenic variations in 
the ABCA4 gene. The knowledge about variations in the same 
chromosome can help to determinate the molecular diagnose. The 
identification of these two new complex allele, [p.Leu541Pro; 
p.Arg1443His] and [p.Ser1642Arg; c.5044_del15bp] in Brazilian 
alert for the possibility of more different variations in cis

Commercial Relationships: Mariana V. Salles; Fabiana L. Motta, 
None; Karita A. Costa, None; John Chiang, None;  
João Bosco Pesquero, None; Juliana M. Sallum, None
Support: FAPESP - Fundação de amparo a pesquisa do estado de 
São Paulo
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Proapoptotic TLR4 polymorphism is more frequent in Stargardt 
disease patients. A family study
Gonzalez-de la Rosa Alejandro1, 2, JOSE NAVARRO-
PARTIDA1, Nicole Macriz-Romero2, RAMSES ROSALES DIAZ3, 
ABRIL B. MARTINEZ-RIZO3, ARTURO SANTOS1, 2. 1DIVISION 
DE BIOTECNOLOGIA Y SALUD. CAMPUS GUADALAJARA., 
TECNOLOGICO DE MONTERREY, Zapopan, Mexico; 2CENTRO 
DE RETINA MEDICA Y QUIRURGICA, ZAPOPAN, Mexico; 
3UNIDAD ACADEMICA DE MEDICINA, UNIVERSIDAD 
AUTONOMA DE NAYARIT, TEPIC, Mexico.
Purpose: Inherited macular dystrophies are characterized by bilateral 
visual loss and generally symmetrical macular abnormalities on 
ophthalmoscopy. Stargardt macular dystrophy (STGD) is the most 
common inherited macular dystrophy with an autosomal recessive 
mode of inheritance. Retinal pigment epithelium cells in STGD 
patients exhibits a propensity for apoptosis. Previously, single 
nucleotide polymorphisms (SNPs) in TLR4 gene have been related 
to apoptosis and inflammation response. Therefore, this study was 
undertaken to investigate whether TLR4 SNPs are associated with 
STGD on a family based study.
Methods: Four blood-related Mexican patients with clinical 
diagnosis of STGD (4 women) and 12 of their unaffected relatives 
were included. 109 subjects (40 men and 69 women; age, 63.28 
± 7.93 years) without macular affections or family history nor 
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inherited macular dystrophies were used as control. SNPs rs4986790, 
rs1927911, rs12377632, rs2149356 and rs11536889 of the TLR4 
gene were genotyped by a Taqman® Allelic Discrimination Assay.
Results: The frequency of the minor allele of rs4986790 was 
significantly higher in the cases of STGD when comparing to control 
subjects (25% vs 1%, P= 0.0012). The genotype carrying the minor 
allele of rs4986790 was more frequent in the STGD cases (50%) 
when compared with their relatives and unrelated control subjects  
(8 and 2.75% respectively) in a significant manner  
(P= 0.0048). The allele and genotype frequencies of remaining SNPs 
were non-significant between cases and control subjects (P> 0.5). 
Unaffected relatives of STGD patients shown an allelic and genotypic 
frequencies similar to those found in control subjects.
Conclusions: Minor allele of the SNPs rs4986790 and genotypes 
carrying it were related to clinical STGD in one family. Interestingly, 
the rs4986790 has been described as promotor of apoptosis. 
Therefore, this TLR4 gene polymorphism should be considered as a 
diagnostic or prognostic genetic marker in future studies.
Commercial Relationships: Gonzalez-de la Rosa Alejandro, None; 
JOSE NAVARRO-PARTIDA, None; Nicole Macriz-Romero, 
None; RAMSES ROSALES DIAZ, None;  
ABRIL B. MARTINEZ-RIZO, None; ARTURO SANTOS, None
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Presentation Time: 8:30 AM–10:15 AM
Peripherin-2 mutations identified by whole exome sequencing in 
clinically heterogeneous families with retinal pattern dystrophies
Mercedes B. Villalonga1, Giliann K. Collins1, Rachel E. Silver1, 
Johanna M. Seddon1, 2. 1Ophthalmic Epidemiology and Genetics 
Service, Tufts Medical Center, Boston, MA; 2Department of 
Ophthalmology, Tufts University School of Medicine, Boston, MA.
Purpose: Pattern dystrophies are retinal diseases following an 
autosomal dominant mode of inheritance. Although current research 
suggests the importance of genetics in this group of clinically 
heterogeneous diseases, specific loci associated with disease risk 
are not well established. We investigated coding variants in patients 
affected by macular and retinal degenerations to determine their role 
in adult onset inherited retinal diseases.
Methods: All participants were previously enrolled in our genetic 
and epidemiologic studies of macular and retinal degenerations. We 
performed whole exome sequencing of 693 samples from family 
members and unrelated cases and controls. Selection was based on a 
low macular degeneration polygenic risk score (Yu Y et al. Hum Mol 
Genet 2011; Yu Y et al. Hum Mol Genet 2014). Affected participants 
had a diagnosis of either advanced macular degeneration or another 
retinal disease. We conducted segregation analyses on data from 
families and filtered variants for pathogenicity using stepwise criteria. 
Data from our previous targeted sequencing studies were examined to 
identify additional mutation carriers. Sanger sequencing was used to 
confirm variant segregation within families.
Results: We identified two families and one unrelated, affected 
individual carrying the splice variant PRPH2 rs281865373 
(c.828+3A>T), as well as one family and four unrelated affected 
individuals carrying the missense variant PRPH2 rs121918563 
(L185P). None of the mutation carriers or other family members 
carried variants in BEST1 or IMPG1/2. Assessment of longitudinal 
clinical records, optical coherence tomography, autofluorescence, and 
infrared imaging obtained for carriers of these mutations revealed 
retinal pigment epithelial disturbances and lipofuscin deposits. These 
features are characteristic of the different phenotypic manifestations 
observed in pattern dystrophies.
Conclusions: Our results suggest that detailed clinical assessment 
paired with comprehensive genetic analysis is integral to 

understanding the underlying pathophysiology of inherited retinal 
diseases. Further genetic investigation will facilitate the accurate 
classification of these complex and heterogeneous phenotypes.
Commercial Relationships: Mercedes B. Villalonga, 
None; Giliann K. Collins, None; Rachel E. Silver, None; 
Johanna M. Seddon, Apellis (C), Novartis (F)
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.

Program Number: 2778 Poster Board Number: B0105
Presentation Time: 8:30 AM–10:15 AM
Mutations in MFSD8 cause early and late onset Autosomal 
Recessive Macular Dystrophy in Switzerland
Veronika Vaclavik1, Daniel F. Schorderet1, Francis L. Munier1, 
Hoai V. Tran1, Margarita Todorova2. 1oculogenetic unit, University 
of Lausanne, Jules Gonin Eye Hospital, Lausanne, Switzerland; 
2University Eye Hospital, Basel, Switzerland.
Purpose: To describe the phenotype/genotype correlation of a 
macular dystrophy in 2 unrelated Swiss patients, identified by NGS
Methods: Two unrelated patients from 2 different kindred 
diagnosed with progressive macular dystrophy were studied. Full 
ophthalmological evaluation including fundus color photography, 
optical coherence tomography (OCT), fundus autofluorescence (fAF) 
and electroretinography, molecular diagnosis, and natural course are 
reported.
Results: Next generation sequencing revealed a MFSD8 compound 
heterozygote mutation (881C>A, 1006 G>C) in one patient, and 
(1141G>T, 1009 C>T) in the other patient. Age of onset was variable: 
one patient had an early onset, with reducing VA since she was 12 
years old. Second patient had symptoms in his early fifties. Initial 
fundus examinations showed central atrophy, which was hypo 
fluorescent on autofluorescence imaging. Both had full field ERGs 
within normal limits. Mf ERG showed the N1 and N1P1 amplitudes 
severely reduced within the central retina. OCT revealed a localized 
subfoveal cystic space due to the absence of ellipsoid layer, which 
enlarged over time.
Conclusions: Macular dystrophy due to mutations in MFSD8 gene, 
identified by Next Generation Sequencing, seem to be more frequent 
than initially thought. The age of onset is variable and can have rapid 
progression rate.
Commercial Relationships: Veronika Vaclavik; 
Daniel F. Schorderet, None; Francis L. Munier, None; 
Hoai V. Tran, None; Margarita Todorova, None
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North Carolina macular dystrophy: mutations found in 12 
additional families
Kent W. Small2, 1, Fadi Shaya2, 1, Svetlana Yelchits3, Adam P. DeLuca4, 
Richard A. Lewis5, Monique J. Leys6, Nitin Udar2, 1, 
Benjamin Bakall7, Klaus Rohrschneider8, Bernard Puech9, 
Virginie Puech10, Elise Heon11, James C. Folk12, Gerald A. Fishman13, 
Christine Garabetian2, 1, Edwin M. Stone4. 1Retina, Molecular 
Insight, Research Foundation, Los Angeles, CA; 2Macula and Retina 
Institute, Glendale, CA; 3Jules Stein Eye Institute, Los Angeles, CA; 
4University of Iowa, Iowa City, IA; 5Baylor College of Medicine, 
Houston, TX; 6WVU Eye Institute, Morgantown, WV; 7University 
of Arizona College of Medicine, Phoenix, AZ; 8University of 
Heidelberg, Heidelberg, Germany; 9Service d’Exploration de la vision 
et Neuro-ophtalmologie CHRU, Lille, France; 10Ophthalmologist 
in Marcq-en-Barœul, Marcq-en-Barœul, France; 11Hospital for Sick 
Children, Toronto, ON, Canada; 12University of Iowa Hospitals 
& Clinics, Iowa City, IA; 13Chicago Lthouse for the Blind & Vis 
Impaired, Chicago, IL.
Purpose: Small and co-workers (Ophthalmology, 2016) recently 
showed that mutations affecting the expression of PRDM13 cause 
North Carolina macular dystrophy (NCMD / MCDR1). The purpose 
of this study was to investigate the PRDM locus in 12 additional 
families with this phenotype and to identify mutations causing North 
Carolina macular dystrophy (NCMD, MCDR1) in these families.
Methods: 18 new families with the NCMD phenotype (a total of 46 
affected individuals) were studied using a combination of Sanger 
sequencing of the DNase I hypersensitivity site upstream of PRDM13 
and PCR-based assay for the detection of a previously described 
duplication of the PRDM13 gene. IRB approval was obtained and 
informed consent was obtained from all participants.
Results: The original NCMD publication reported four different 
mutations (V1-V4) distributed among eleven different kindreds. To 
date, we have identified the disease-causing mutations in 12 new 
independent families with the NCMD phenotype. Seven of these 
harbor the previously described V1 mutation (all from the USA) 
and five families harbor the previously described V2 mutation (4 
European, 1 USA). These two variants segregated perfectly in the 36 
affected and 10 unaffected members of these 12 new NCMD families. 
No mutations have yet been identified in the other six families. We 
have an additional 6 families yet to be studied.
Conclusions: We identified 12 new families with disease-causing 
mutations in the DNase I hypersensitivity site upstream of the 
PRDM13 gene.
Additional families with the NCMD phenotype continue to support 
that these mutations are causative of MCDR1 / NCMD.

Commercial Relationships: Kent W. Small, None; Fadi Shaya, 
None; Svetlana Yelchits, None; Adam P. DeLuca, None; 
Richard A. Lewis, None; Monique J. Leys, None; Nitin Udar, 
None; Benjamin Bakall, None; Klaus Rohrschneider, None; 
Bernard Puech, None; Virginie Puech, None; Elise Heon, 
None; James C. Folk, None; Gerald A. Fishman, None; 
Christine Garabetian, None; Edwin M. Stone, None
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Blue Cone Monochromatism Identified in an Irish Family
Niamh C. Wynne1, Conor P. Malone1, Matthew Carrigan2, 
Karen Collins1, Hilary Dempsey1, Andrew Green3, Jane G. Farrar2, 
Paul Kenna1, 2. 1Research Department, Royal Victoria Eye and 
Ear Hospital, Co Kildare, Ireland; 2Ocular Genetics Unit, Trinity 
College Dublin, Dublin, Ireland; 3National Genetics Unit, Our Lady’s 
Hospital for Sick Children Crumlin, Dublin, Ireland.
Purpose: To report the clinical phenotype associated with 
pathological sequence variants in the OPN1LW and OPN1MW gene 
clusters in a Irish family.
Methods: Genotype was established using Next Generation 
Sequencing, a revolutionary advance in the identification of disease-
associated gene mutations.
As part of our on-going efforts to contribute to a database of Irish 
inherited retinal degeneration patients (Target 5000) a 73-year-old 
man, who presented with congenital visual impairment primarily 
related to day vision, was assessed at the Research Foundation at the 
Royal Victoria Eye and Ear Hospital, Dublin. Electroretinography 
studies were carried out on the proband and two great nephews to 
characterise the phenotype among these family members.
Results: The proband was diagnosed with Achromatopsia on the 
basis of electroretinographic (ERG) features consisting of well-
preserved rod-isolated responses combined with non-recordable 
cone-isolated responses. Two of the proband’s great nephews (sons of 
his sororal niece) were also found to have similar ERG patterns, thus 
strongly suggesting an X-linked mode of inheritance.
Using NGS, the affected males were confirmed to have potentially 
pathological sequence variants in both the OPN1LW and OPN1MW 
gene clusters, (Xq28) mediating long-wavelength (‘red’) and medium 
wavelength (‘green’) cone opsin production respectively, refining 
the clinical diagnosis as blue cone monochromatism, an extremely 
uncommon IRD with a prevalence of approximately 1 in 100,000.
Conclusions: This Irish family demonstrates an X-linked blue cone 
monochromatism phenotype associated with potentially pathological 
sequence variants in the OPN1LW and OPN1MW gene clusters 
(Xq28).
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Commercial Relationships: Niamh C. Wynne; Conor P. Malone, 
None; Matthew Carrigan, None; Karen Collins, None; 
Hilary Dempsey, None; Andrew Green, None; Jane G. Farrar, 
None; Paul Kenna, None
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A Novel Candidate Gene for Complete Achromatopsia
Markus N. Preising, Anna-Maria Zuliani, Birgit Lorenz. Department 
of Ophthalmology, Justus-Liebig University, Giessen, Germany.
Purpose: In an eight generation German family with two branches 
and three patients (mother, son, cousin) affected with ACHM CNGB3 
was identified as the underlying gene in the son and his distant 
cousin. In the mother CNGB3 was excluded. Here were present our 
results on identification of a novel gene underlying achromatopsia 
(ACHM).
Methods: The patients were examined by best corrected visual acuity 
(BCVA), Ganzfeld ERG (ffERG), Goldmann visual field (GVF), 
Lanthony panel D15 color test, and fundus photography.
Whole exome (WES) next-generation sequencing was done in the 
son and the mother.
Sequence changes in candidate genes were directly sequenced 
for segregation analysis in the family. Six further patients were 
sequenced for mutations in the most probable candidate gene.
Results: The clinical data of the three patients indicated complete 
ACHM as to BCVA: 0,1 - 0,2, cone responses in ffERG below 
threshold and unremarkable fundus appearance even up to the age 
of 37 y. Rod responses in ffERG were unremarkable in the son and 
cousin while rod function was reduced unilateral in the mother at age 
37 y.
After identification of a homozygous common c.1148delC mutation 
in CNGB3 in the affected cousin (the latest descendant of branch 
1, suspected consanguinity of the parents) and the son (affected 
descendant of consanguineous parents in branch 2). CNGB3 
c.1148del was heterozygous in the mother and no other CNGB3 
mutation was identifed.
By WES of the maternal DNA possible disease causing sequence 
variations in the mother at a population frequency below 0.1 were 
identified in 205 genes. One hundred ninety eight genes were 
ruled out by segregation analysis or by carrying frequent sequence 
variations. From the remaining 7 genes expression in the retina has 
been reported for two genes. Finally, we identified a compound 
heterozygous pair of deleterious mutations in the mother in a gene 
for a photoreceptor synapse protein. The son was heterozygous for 
one of the mutations and the cousin was excluded in this gene like six 
further patients with ACHM who were previously excluded for the 
most common achromatopsia genes.
Conclusions: We identified compound heterozygous deleterious 
mutations in a photoreceptor synapse component in a patient 
presenting with ACHM up to her mid-thirties and additional rod 
involvement thereafter. Exclusion in a limited set of ACHM patients 
suggests either rare involvement of this gene in ACHM or an 
involvement in a different cone-rod degeneration.
Commercial Relationships: Markus N. Preising, None;  
Anna-Maria Zuliani, None; Birgit Lorenz, None

Program Number: 2782 Poster Board Number: B0109
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Uniparental isodisomy of chromosome 2 in CNGA3-associated 
achromatopsia
Susanne Kohl, Britta Baumann, Anja-Kathrin Mayer, 
Bernd Wissinger. Centre for Ophthalmology, Inst for Ophthalmic 
Rsrch Tuebingen, Tuebingen, Germany.

Purpose: Achromatopsia (ACHM) is a rare autosomal recessive 
disorder characterized by color blindness, photophobia, nystagmus, 
and low visual acuity. It is genetically heterogeneous and caused by 
mutations in 6 different genes: CNGA3, CNGB3, GNAT2, PDE6C, 
PDE6H and ATF6. From our cohort of >1,000 independent ACHM 
patients that underwent genetic research testing, we here report a 
unique ACHM case caused by a chromosomal segregation defect.
Methods: Mutation detection in the index patient and segregation 
analysis in both parents was done by Sanger-sequencing of PCR 
fragments amplified from genomic DNA obtained from venous blood. 
Screening for heterozygous deletions was done via long-distance 
PCR and a SYBR Green-based qPCR assay for a segment of CNGA3 
exon 7. For human Chr. 2 segregation analysis, ten microsatellite 
markers (D2S2211, D2S165, D2S2368, D2S160, D2S112, D2S2330, 
D2S364, D2S126, D2S396, D2S338) covering the entire Chr. 2 were 
genotyped by PCR amplification and fragment sizing on an ABI3130 
capillary sequencer (Applied Biosystems) in Gene Scan mode.
Results: A single female patient with a clinical diagnosis of ACHM 
was referred to our laboratory for genetic research testing. Sanger 
sequencing revealed an apparent homozygous missense mutation 
c.778G>C p.D260H in CNGA3, affecting a highly conserved 
amino acid residue in transmembrane domain S3 of the CNGA3 
polypeptide. Segregation analysis showed that the father was a 
heterozygous mutation carrier, while the mutation was absent in 
the mother. A heterozygous deletion in the mother explaining the 
apparent homozygosity of the mutation in the patient was ruled out 
by long-distance and qPCR-based copy number analysis of exon 7. 
Genotyping of microsatellite markers revealed homozygosity for all 
tested markers on Chr. 2 in the patient for the paternal haplotype, 
providing evidence for paternal uniparental isodisomy (UPD) of Chr. 
2.
Conclusions: UPD is a rare phenomenon involving the inheritance 
of both chromatids of a single chromosome from one parent, here 
the paternal chromosome carrying the missense mutation c.778G>C 
p.D260H in CNGA3, while the maternal chromosome is lost. It is one 
of very few examples for this mechanism observed and described in 
inherited retinal dystrophy, and the first for ACHM. The detection 
of UPD highlights the importance of segregation analysis and has 
important implications for proper counseling and recurrency risk 
assessment in the family.
Commercial Relationships: Susanne Kohl; Britta Baumann, 
None; Anja-Kathrin Mayer, None; Bernd Wissinger, None

Program Number: 2783 Poster Board Number: B0110
Presentation Time: 8:30 AM–10:15 AM
Genome wide analysis of enucleated Coats eyes
Denisa Dzulova1, Carla Sanjurjo Soriano1, James A. Poulter1, 
Ian M. Carr1, Waleed Abed Alnabi2, Nutsuchar Wangtiraumnuay2, 
Ralph Eagle2, Carol L. Shields2, Alex V. Levin2, 3, Carmel Toomes1. 
1University of Leeds, Leeds, United Kingdom; 2Wills Eye Hospital, 
Philadelphia, PA; 3Sidney Kimmel Medical College at Thomas 
Jefferson University, Philadelphia, PA.
Purpose: Coats disease is an idiopathic, non-hereditary retinal 
vasculopathy. Clinically it is characterised by retinal telangiectasia 
accompanied by intraretinal exudation that often progresses to 
exudative retinal detachment. Patients usually present with unilateral 
disease and the majority are young males. The Coats phenotype 
shares some features with familial exudative vitreoretinopathy 
(FEVR), a Mendelian disorder frequently associated with mutations 
affecting the norrin-β-catenin signaling pathway. Previously, somatic 
mutations in NDP, the gene encoding norrin, have been identified 
in Coats disease but these only account for a small proportion of 
cases. The purpose of this study was to use whole-exome sequencing 
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(WES) to analyse the DNA of 7 enucleated Coats eyes to discover 
new genes underlying this disorder
Methods: DNA was extracted from formalin-fixed, paraffin-
embedded eyes using the QIAamp DNA FFPE Tissue Kit. WES was 
performed on the Illumina HiSeq3000 using the Agilent SureSelect 
capture reagent. Data was aligned using Burrows-Wheeler Aligner 
(BWA) and variants were processed using Picard and Genome 
Analysis Toolkit (GATK). A cell based-luciferase reporter assay 
for β-catenin transcription (TOPflash) was used to determine the 
pathogenicity of the LRP5 variant.
Results: A novel heterozygous missense mutation in LRP5 was 
found in one eye, c.2951A>G; p.(Tyr984Cys). The variant is rare and 
pathogenicity prediction scores suggest that it is deleterious. LRP5 
encodes a receptor for the norrin-β-catenin pathway and heterozygous 
germline mutations cause FEVR. A cell based-luciferase reporter 
assay for β-catenin transcription (TOPflash) showed that this 
LRP5 missense variant results in significantly reduced levels of 
transcription compared to wild-type LRP5 (p= ≤ 0.05).
Conclusions: This is the first report of an LRP5 mutation in Coats 
disease, providing further evidence that Coats is caused by defects in 
the norrin-β-catenin pathway and may be a somatic form of FEVR. 
More detailed analysis of the sequencing data is currently underway 
to identify mutations in the remaining eyes.
Commercial Relationships: Denisa Dzulova, None; 
Carla Sanjurjo Soriano, None; James A. Poulter, 
None; Ian M. Carr, None; Waleed Abed Alnabi, None; 
Nutsuchar Wangtiraumnuay, None; Ralph Eagle, None; 
Carol L. Shields, None; Alex V. Levin, None; Carmel Toomes, 
None
Support: Fight for Sight (1493/94)
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Next generation sequencing reveal accurate molecular diagnosis 
in patients with infantile nystagmus syndrome
Jinu Han1, Seung-Tae Lee2. 1Department of Ophthalmology, Yonsei 
University College of Medicine, Seoul, Korea (the Republic of); 
2Department of Laboratory Medicine, Yonsei University College of 
Medicine, Seoul, Korea (the Republic of).
Purpose: Infantile nystagmus syndrome (INS) is genetically 
heterogeneous disorders including Leber congenital amaurosis, 
achromatopsia, foveal hypoplasia, ocular albinism and idiopathic 
form. This study assessed the utility of integrating genomic data from 
next-generation sequencing and phenotypic data to enhance the firm 
diagnosis of INS.
Methods: A total of 24 patients diagnosed with INS were selected for 
investigation through a single institution. Mutations were detected 
using a custom-designed target enrichment that permitted parallel 
analysis of 114 genes associated with INS by high-throughput, next-
generation DNA sequencing (NGS). Suspected pathogenic variants 
were confirmed by bidirectional Sanger sequencing in relevant 
probands and other affected family members.
Results: We identified mutated alleles that were highly likely to 
be causative in 15 of the 24 patients, achieving a 62.5% molecular 
diagnostic rate. Among the 15 patients, 5 had autosomal dominant 
disease, 7 had autosomal recessive disease, and 3 had X-linked 
disease. Family history of nystagmus consistent with X-linked 
inheritance was found in 3 patients. Two patients were found to have 
GPR143 mutation and 1 had FRMD7 mutation. Family history of 
autosomal dominant inheritance was noted in 2 patients. One had 
PAX6 mutation and no pathogenic mutation was found in the other. 
Among 19 patients with no family history of nystagmus, 3 patients 
were CNGA3 mutation, 3 were PAX6 mutation, 1 had CEP290 

mutation, 1 had RPGRIP1 mutation, 1 had NMNAT1 mutation, 1 had 
SPATA7 mutation, and 1 had OPA1 mutation. The phenotypes of these 
patients were consistent with genotypes.
Conclusions: NGS methods can detect disease-causing genetic 
variants in 62.5% of consecutive patients referred for evaluation 
of a possible genetic condition. Therefore, NGS can be used to 
differentiate the causes in patients with INS because hand-held 
optical coherence tomography and electroretinogram are not easily 
applicable to young infant.
Commercial Relationships: Jinu Han; Seung-Tae Lee, None
Support: a faculty research grant of Yonsei University College of 
Medicine (6-2015-0077)
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Whole exome sequencing towards a rapid identification of genetic 
variants associated with congenital nystagmus
Marta Owczarek-Lipska1, Christoph Jüschke1, Lejla Mulahasanovic3, 
Konstanze Hörtnagel3, Saskia Biskup3, Tobias Linden2, Christoph 
G. Korenke2, John P. Neidhardt1. 1Human Genetics, University of 
Oldenburg, Oldenburg, Germany; 2Klinikum Oldenburg, Department 
of Neuropediatrics, Children’s Hospital, Oldenburg, Germany; 
3Center for Genomics and Transcriptomics, CeGaT GmbH, Tübingen, 
Praxis für Humangenetik, Tübingen, Germany.
Purpose: Congenital or early-onset nystagmus (CN) is characterized 
by involuntary eye movements and shows enormous clinical and 
genetic heterogeneity. CN may be an ambiguous sign of many 
different diseases, including retinal dysfunction / degeneration, 
ocular / oculocutaneous albinism, and severe central nervous system 
disorders, such as Pelizaeus-Merzbacher or Pelizaeus-Merzbacher-
like diseases (PMLD).
Due to enormous heterogeneity found among the diseases leading to 
CN, whole exome sequencing (WES) and panel-based bioinformatics 
was considered as an approach to rapidly identify disease-associated 
genetic sequence variants.
Methods: We analyzed 9 families with 16 CN-affected patients. 
The CN-affected index patients were analyzed using WES, while a 
co-segregation analysis in several family members was verified with 
Sanger sequencing.
The patients were clinically investigated in detail.
Results: The three patients presented here, were initially affected by 
CN, but developed further clinical symptoms of variables severities: 
one of these patients showed features of retinal dysfunction, 
including night blindness and myopia, while two other patients 
developed severe phenotypes including mental retardation or PMLD.
WES identified four genetic variants in three genes associated 
with CN. The first patient showed a hemizygous splice-donor 
variant (c.2576+1G>A) in the calcium channel voltage-dependent 
alpha-1f subunit (CACNA1F) gene, the second patient carried a 
hemizygous variant (c.1403G>A, p.R468H) in the ferm domain-
containing protein 7 (FRMD7) gene, and the third patient showed two 
heterozygous variants (c. 291C>G, p.Y97* and c.716T>C, p.V293A) 
in the gap junction protein gamma-2 (GJC2) gene. Sanger sequencing 
confirmed the WES-identified variants in the index patients and 
verified the co-segregation with the disease.
Conclusions: Our results suggested a beneficial role of WES to 
identify the molecular causes of CN and rapidly confirmed an 
initially unclear clinical diagnosis.
Commercial Relationships: Marta Owczarek-Lipska, None; 
Christoph Jüschke, None; Lejla Mulahasanovic, None; 
Konstanze Hörtnagel, None; Saskia Biskup, None; Tobias Linden, 
None; Christoph G. Korenke, None; John P. Neidhardt, None
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Mutations in SLC38A8 and FOXD1 in patients with nystagmus 
and foveal hypoplasia
Emma C. Lord1, James A. Poulter1, Andrew R. Webster2, 3, 
Panagiotis Sergouniotis4, 2, Kamron N. Khan1, Paul J. Benke5, 
Lee Friedman6, Manir Ali1, Chris F. Inglehearn1, Carmel Toomes1. 
1Medicine & Health, The University of Leeds, Preston, United 
Kingdom; 2UCL Institute of Ophthalmology, London, United 
Kingdom; 3Moorfields Eye Hospital, London, United Kingdom; 
4The University of Manchester, Manchester, United Kingdom; 
5Joe DiMaggio Children’s Hospital, Hollywood, FL; 6Florida Eye 
Microsurgical Institute, Boca Raton, FL.
Purpose: Foveal hypoplasia with optic nerve decussation defects in 
the absence of pigmentation deficits (FHONDA) is a rare recessive 
disorder which presents with congenital nystagmus. To date, 
SLC38A8 is the only gene known to be mutated in this disease. 
However, many patients with the FHONDA phenotype do not have 
detectable mutations in SLC38A8, suggesting that this disorder is 
either genetically heterogeneous or that a proportion of mutations 
in SLC38A8 are not identified by Sanger screening. The aim of this 
study was to genetically analyse a cohort of FHONDA patients to 
expand the mutation spectrum of SLC38A8, investigate if mutations 
in new genes cause this disorder, or if SLC38A8 mutations are being 
missed.
Methods: Exons of SLC38A8 were screened by Sanger sequencing. 
Whole exome sequencing (WES) was performed on the Illumina 
HiSeq3000 using the Agilent SureSelect capture reagent. Whole 
genome sequencing (WGS) was performed by Edinburgh Genomics 
using an Illumina HiSeqX. Data was aligned using BWA and 
variants were processed using Picard and GATK. ExomeDepth 
and BreakDancer were used to look for copy number/structural 
rearrangements.
Results: Two novel mutations were identified in SLC38A8. In one 
patient, a homozygous missense mutation was identified (c.848A>C, 
p.(D283A)). In a second patient, a single missense mutation was 
identified (c.2T>C, p.?(M1?)), but a second mutation was not 
detected. WGS was performed on this patient, along with a third 
case with a large region of autozygosity spanning SLC38A8, but 
no identifiable mutation. A homozygous structural rearrangement 
within SLC38A8 was detected in the third patient and analysis is still 
ongoing in the other. WES in SLC38A8-negative cases identified a 
homozygous missense variant in FOXD1 (c.581G>A, p.(G194D)). 
This variant is rare and predicted to be damaging. Transcriptional 
luciferase assays are currently underway to investigate this variant’s 
effect on FOXD1 function.
Conclusions: Three novel SLC38A8 mutations were identified. 
One of the mutations was missed by traditional sequencing, thus 
raising the possibility of additional “missing” mutations in SLC38A8. 
A potential mutation in FOXD1 was detected indicating that this 
may be a new FHONDA disease gene. FOXD1 is required for the 
specification of the temporal retina in mammals and animal mutant 
models have aberrant axonal projections making it an excellent 
candidate gene for this disorder.
Commercial Relationships: Emma C. Lord; James A. Poulter, 
None; Andrew R. Webster, None; Panagiotis Sergouniotis, 
None; Kamron N. Khan, None; Paul J. Benke, None; 
Lee Friedman, None; Manir Ali, None; Chris F. Inglehearn, None; 
Carmel Toomes, None
Support: RP Fighting Blindness and Fight for Sight.
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Autosomal dominant locus for pediatric cataract, myopic 
astigmatism, familial exudative vitreoretinopathy and primary 
open-angle glaucoma identified on chromosome 7q36
Stuart W. Tompson1, Kristina N. Whisenhunt1, Alex W. Hewitt2, 3, 
David A. Mackey2, 3, Terri L. Young1. 1Ophthalmology and Visual 
Sciences, University of Wisconsin-Madison, Madison, WI; 2Centre 
for Eye Research Australia, University of Melbourne, Melbourne, 
VIC, Australia; 3Department of Ophthalmology, Royal Victorian Eye 
and Ear Hospital, Melbourne, VIC, Australia.
Purpose: In a large multi-generational Australian pedigree (European 
descent) presenting with an autosomal dominant constellation 
of pediatric cataract, myopic astigmatism, familial exudative 
vitreoretinopathy and primary open-angle glaucoma phenotypes, 
we performed linkage analysis and exome sequencing to map and 
identify the genetic cause.
Methods: SNP genotyping was performed on 12 affected and 4 
unaffected individuals using HumanOmniExpress-24 BeadChips. 
From an initial 713K genotyped SNPs, GenomeStudio software 
was used to select the highest quality 103K SNPs, which were used 
as input for Superlink-Online SNP linkage analysis. Multi-point 
linkage analysis and haplotyping were performed by Superlink on a 
random subset of approximately 1,000 markers on each chromosome 
(23,359 SNPs total), generating LOD scores across the genome via a 
hidden Markov model algorithm. The mode of inheritance was set as 
dominant with 0.99 penetrance. Exome sequencing was performed on 
4 affected individuals using a Roche Nimblegen SeqCap EZ Exome 
V3 capture kit and 100bp paired-end reads on an Illumina HiSeq2000 
platform. Sequence reads were aligned to the hg19 reference genome 
with BWA, variants called with GATK, and analysis performed using 
Golden Helix SVS software.
Results: Multi-point linkage analysis identified a single 7.46mb 
region located at the telomeric end of chromosome 7q36 with a 
maximum LOD score of 3.3. Haplotype analysis confirmed co-
segregation of a single haplotype in only the 12 affected individuals. 
A recombination event at rs9648731 delimited the centromeric end 
of the interval, which contained 43 genes. Exome sequencing of 4 
affected individuals identified a single shared rare variant, c.1788C>T 
(p.C596C) in GALNT11. The synonymous variant has an allele 
frequency of 0.00003 in the ExAC database, and is predicted to 
destroy an SRSF1 (serine and arginine rich splicing factor 1) exonic 
splicing enhancer. In-house microarray expression data showed high 
GALNT11 expression in fetal retina/RPE, choroid, sclera, optic nerve, 
cornea, and adult retina and RPE.
Conclusions: We have identified a 7.46mb region containing 
43 genes on chromosome 7q36 as a disease locus for this rare 
constellation of ocular phenotypes. Exome sequencing identified 
a single rare variant in GALNT11 that may affect splicing of the 
galactosyltransferase transcripts.
Commercial Relationships: Stuart W. Tompson, None; 
Kristina N. Whisenhunt, None; Alex W. Hewitt, None; 
David A. Mackey, None; Terri L. Young, None
Support: NIH/NEI RO1 EY014685, Research to Prevent Blindness, 
Inc., University of Wisconsin Centennial Scholar Award



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Program Number: 2788 Poster Board Number: B0115
Presentation Time: 8:30 AM–10:15 AM
Defects in the cell signaling mediator β-catenin (CTNNB1) cause 
the retinal vascular condition FEVR
Carmel Toomes1, Evangelia S. Panagiotou1, James A. Poulter1, 
Carla Sanjurjo Soriano1, Hiroyuki Kondo4, 5, Atsushi Hiyoshi5,  
Hon-Yin Brian Chung3, Mark E. Tafoya2, Manir Ali1, 
Chris F. Inglehearn1. 1University of Leeds, Leeds, United Kingdom; 
2Pacific Retina Care, Waikele, HI; 3The University of Hong 
Kong, Hong Kong, China; 4Fukuoka University, Fukuoka, Japan; 
5University of Occupational and Environmental Health, Kitakyushu, 
Japan.
Purpose: Familial exudative vitreoretinopathy (FEVR) is 
an inherited blinding disorder characterized by the abnormal 
development of the retinal vasculature. The majority of mutations 
identified in FEVR are found within 4 genes that encode the receptor 
complex (FZD4, LRP5 and TSPAN12) and ligand (NDP) of a 
molecular pathway that controls angiogenesis, the norrin-β-catenin 
signaling pathway. However, half of all FEVR cases do not harbor 
mutations in the known FEVR genes so the aim of this study was to 
identify new genes underlying FEVR.
Methods: Whole exome sequencing (WES) was performed on the 
Illumina HiSeq3000 using the Agilent SureSelect capture reagent. 
Data was aligned using Novoalign and processed using Picard and 
GATK. The coding sequence of CTNNB1 was screened by Sanger 
sequencing. A cell based-luciferase reporter assay for β-catenin 
transcription (TOPflash) was used to assess the pathogenicity of the 
CTNNB1 mutations.
Results: A cohort of 36 unrelated individuals with a diagnosis of 
FEVR but without mutations in the known FEVR genes formed 
the basis of this study. WES in 12 of these subjects and screening 
of CTNNB1 by Sanger sequencing in the remaining 24, led to the 
identification of three families carrying mutations in CTNNB1, the 
gene encoding β-catenin. Heterozygous mutations in two dominant 
non-syndromic FEVR families were identified (c.2142_2157dup, 
p.(His720*) and c.2128C>T, p.(Arg710Cys)) along with a de 
novo mutation in a sporadic newborn child (c.1434_1435insC, 
p.(Glu479Argfs*18)). This child was originally diagnosed with 
FEVR but clinical review following this genetic result confirmed the 
presence of additional features consistent with syndromic intellectual 
disability (ID). Both familial mutations are predicted to produce 
β-catenin with a defective carboxy-terminal domain and cell-based 
TOPflash assays showed that these alter β-catenin signaling.
Conclusions: Previous studies have reported heterozygous de novo 
CTNNB1 mutations as a cause of syndromic ID and autism spectrum 
disorder and somatic mutations are linked to various malignancies. 
However, this is the first report of a familial disease caused by 
CTNNB1 mutations, and the first confirmation that CTNNB1 
mutations can cause non-syndromic FEVR, further establishing the 
role that β-catenin signaling plays in the development of the retinal 
vasculature.
Commercial Relationships: Carmel Toomes, None; 
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Fibrillin 1-associated Autosomal Dominant Non-Marfan Ectopia 
Lentis with Retinal Detachment
Kirk Stephenson1, Adrian Dockery2, Andrew Green3, Jane G. Farrar2, 
David J. Keegan1. 1Ophthalmology, Mater Misericordiae University 
Hospital, Dublin, Ireland; 2Genetics, Trinity College Dublin, Dublin, 
Ireland; 3Genetics, Our Lady’s Children’s Hospital, Crumlin, Dublin, 
Ireland.
Purpose: To describe the phenotype of a large pedigree with 
a confirmed Fibrillin 1 (FBN1) mutation (C639Y), exhibiting 
autosomal dominant ectopia lentis (EL) with rhegmatogenous retinal 
detachments (RRD), but no systemic manifestations of Marfan 
syndrome.
Methods: As part of the Irish national inherited retinal disease 
registry, the proband was identified and pedigree mapping was 
performed. Each family member underwent full history and 
ophthalmic examination with retinal imaging and next generation 
sequencing.
Results: Four affected family members were included in the study. 
A thorough pedigree was mapped, in which evidence of EL was 
demonstrated in 16 individuals spanning four generations. All four 
patients had bilateral EL; all were treated with pars plana vitrectomy 
(PPV) and lensectomy with secondary iris-fixated intraocular lens 
(IOL) implantation. Five of eight eyes had previously been treated 
for RRD, four following PPV and lensectomy (by four separate 
vitreoretinal surgeons) and one spontaneously on a surgically naïve 
eye. One patient had bilateral RRD. A causative heterozygous 
mutation was detected in this pedigree in FBN1 (C639Y), which, to 
our knowledge, has not been described in systemic fibrillinopathy 
phenotypes (e.g. Marfan syndrome).
Conclusions: Autosomal dominant FBN1 mutations are responsible 
for a diverse phenotypic spectrum all linked by deranged 
development and progressive degeneration of connective tissue 
(fibrillinopathies). There are >800 described pathogenic FBN1 
mutations, which may be limited to individual pedigrees.
Associated phenotypes vary in tissue specificity, and may present 
with an array of systemic features e.g. Marfan syndrome (tall stature, 
hypermobility, cardiac valvular, and EL), Weill-Marchesani syndrome 
(short stature, glaucoma, EL) or, like this series, be localized to 
ocular findings (Ectopia Lentis Syndrome, ELS). Distinguishing the 
phenotype associated with this specific FBN1 mutation from systemic 
Marfan syndrome is relevant to those affected. The ocular features 
(EL & RRD) have an effective surgical treatment (PPV/lensectomy/
lens implantation), which has allowed visual function to be preserved. 
The fortunate lack of cardiac features has had a positive impact 
on this family’s ability to make informed life choices (e.g. health 
insurance, family planning, travel considerations, occupation, etc.) as 
well as reassuring them regarding long term prognosis.
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Association between HLA class II region and ocular involvement 
in sarcoidosis
Akira Meguro1, Mami Ishihara1, Masaki Takeuchi1, 2, Shigeaki Ohno3, 
Nobuhisa Mizuki1. 1Department of Ophthalmology, Yokohama City 
University School of Medicine, Yokohama, Japan; 2Inflammatory 
Disease Section, National Human Genome Research Institute, 
National Institutes of Health, Bethesda, MD; 3Department of 
Ophthalmology, Hokkaido University Graduate School of Medicine, 
Sapporo, Japan.
Purpose: Sarcoidosis is a chronic systemic disease characterized 
by the accumulation of non-caseating granulomas in a wide range 
of organs. The clinical features of sarcoidosis vary among different 
ethnic groups, and ocular and cardiac involvements are more 
common in Japan. The etiology of sarcoidosis is still uncertain, but 
the disease is currently thought to be triggered by various genetic as 
well as environmental factors. It is well established that sarcoidosis 
is strongly associated with the human leukocyte antigen (HLA) class 
II alleles in many different ethnic groups. In this study, we performed 
a comprehensive association analysis between the HLA region and 
ocular involvement in sarcoidosis.

Methods: We used the SNPs in the HLA region genotyped in 
the genome-wide association study which enrolled 700 Japanese 
sarcoidosis patients and 886 Japanese controls using Illumina 
HumanOmniExpress (727,413 SNPs). After sample and SNP quality 
control, a total of 3,262 SNPs in the HLA region from 685 patients 
(including 519 patients with ocular involvement) and 847 controls 
were used for subsequent statistical analyses.
Results: We identified two HLA class II loci showing a strong 
association with ocular sarcoidosis (P < 1.0 × 10-6, OR > 1.40) 
but not non-ocular sarcoidosis (P > 0.05, OR < 1.0). Although the 
physical distance between these loci is about 200 kb, they were in 
weak linkage disequilibrium with each other (r2 = 0.12) and were 
independently associated with ocular sarcoidosis.
Conclusions: This study identified two independent risk loci in the 
HLA class II region for ocular involvement in Japanese patients with 
sarcoidosis. To confirm the findings, future validation studies with 
other independent populations are needed.
Commercial Relationships: Akira Meguro, None; Mami Ishihara, 
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