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The golden era of ocular disease gene discovery: Race to the
finish
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Abstract

Within the last decade, technological advances have led to amazing genetic insights into
Mendelian and multifactorial ocular diseases. We provide a perspective of the progress in gene
discovery and discuss the implications. We believe that the time has come to redefine the goals
and begin utilizing the genetic knowledge for clinical management and treatment design. The
unbelievable opportunities now exist for those nimble enough to seize them.
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Nowhere in the field of medicine is the impact of genetics so evident as in diseases affecting
vision and visual function. Vision is the most extensive of all human senses, and complex
higher order tasks are largely dependent on the world we see. Loss of sight has devastating
personal and social consequences, with tremendous burden on world resources.
Investigations of healthy vision and visual disorders have been at the leading edge in
genetics and biomedical research, creating major strides in diagnosis, therapy and clinical
management. In this issue, eleven leading groups cover a broad spectrum of ocular diseases
and discuss the genetic studies from the perspective of both clinicians and scientists.

A touch of history

Genetics of diseases affecting vision is celebrating 30 years of remarkable success. We have
come a long way in defining the genetic basis of ocular disease since the linkage of a
polymorphic DNA marker L1.28 (by old-fashioned Southern blotting) on the X
chromosome to retinitis pigmentosa (RP) (1) and the cytogenetic identification of a genomic
deletion encompassing Duchenne muscular dystrophy, chronic granulomatous disease and
RP (2). Soon thereafter, two major discoveries rocked the world of molecular genetics with
repercussions far beyond — the identification of genes for retinoblastoma (3, 4) and for the
G-protein coupled receptors, visual opsins, that underlie vision and variations in color
perception (5). The mapping of an autosomal dominant RP locus near rhodopsin and
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subsequent identification of rhodopsin mutations in 1990 (6, 7) began an extraordinary
decade of gene discovery in vision research. Extensive genetic heterogeneity soon became
obvious for most clinical entities that were grossly defined based on observed phenotypes.
In this issue, three reports (by Daiger et al., pp. 132-141; Liu & Zack, pp. 142-149; and
Coussa et al., pp. 150-159) provide an update on Mendelian retinal diseases and associated
intricacies.

Visual dysfunction as part of syndromic diseases

While debilitating, loss of vision is not life threatening, and it persists in the human
population. In addition, visual dysfunction can be easily recognized by patients and
objectively analyzed by clinicians. Hence, it is not surprising that 25-30% of diseases listed
in the compendium of human genes and phenotypes (http://www.ncbi.nlm.nih.gov/omim)
have a vision-associated term in their clinical descriptions. Previously under-appreciated
aberrant visual phenotypes are now being identified in numerous syndromic diseases.
Retinal and auditory dysfunctions are observed in Usher syndrome causing deaf-blindness
(8). Ciliopathies, a general term used for diseases affecting the primary cilium, include a
highly penetrant phenotype of photoreceptor dysfunction, along with varying degree of
kidney, brain and hearing defects (9).

The transition from rare and monogenic disease to multifactorial common

disorders

Identification of complement factor H (CFH) as a susceptibility locus for age-related
macular degeneration (AMD) was a watershed event in the genetic studies of complex
diseases. Three concurrent pioneering reports in the same issue of Science (10-12) and two
others (13, 14) provided a huge dose of confidence to frustrated researchers working on
common and complex diseases, underscoring the power of human genome project (15) and
validating international efforts on the generation of haplotype map (16). Subsequent
genome-wide association studies and meta-analysis have now identified and confirmed at
least 19 genetic loci that are associated with susceptibility to AMD (17-19). For the first
time we have direct clues to probe the biological basis of this devastating ocular disease. We
have also begun to elucidate complexities of other common visual dysfunctions, as
elaborated in five reports in this issue (Wiggs et al., pp. 167-174; Aldave et al., pp. 109—
119; Stambolian, pp. 102-108; Shiels & Hejtmancik, pp. 120-127; and Ratnapriya & Chew,
pp. 160-166).

The advent of next-generation sequencing

Next-generation sequencing platforms have revolutionized the field of biology and medicine
(20, 21). Clinically relevant genetic diagnosis and treatment designs are now conceivable
using tiny amounts of nucleic acids or even a single cell (22-25). Whole exome sequencing
is rapidly being used around the globe to find genetic defects in small families or simplex
patients (26). The analytics remain extremely challenging and represent one of the research
forefronts. With declining cost and high efficiency methodology, whole genome sequencing
is no longer out of reach. These studies are expected to yield new insights into the role of
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variants from multi-gene contributions and modifiers for otherwise monogenic traits and
will help clarify the severity range between affected individuals even within a single family.

What follows?

At 30, the field of ocular genetics is mature and consolidating what has been learned. It is
now time to apply this knowledge for the benefit of patients. Two articles (by Blain et al.,
pp. 190-197 and by Branham & Yashar, pp. 183-189) discuss the power of genetics in
counseling patients and families. In addition, genetic grouping of patients is an effective
biological adjunct to clinical phenotyping in the selection of patients for appropriate
therapies, as discussed by Jacobson et al. (pp. 175-182) in this issue.

Despite major strides, the challenges remain for complete translation of gene discovery data
to clinical settings. In vision disorders, like others, the clinical findings do not always
correlate with identified genetic defects. This is likely due to extensive genetic diversity in
humans as many alleles while silent on their own may modify the impact of other mutations.
Thus, one must be cautious in interpreting the genetic data for clinical management. The
next frontier in clinical genetics will involve the incorporation of patient-specific genetic
information into interaction networks and cellular pathways.

Rational treatment design

Gene discovery for visual dysfunctions has provided powerful new avenues for gene-based
therapies, founded on the understanding of basic biology. Three independent groups have
successfully performed the gene therapy for Leber congenital amaurosis caused by
mutations in RPEG5 (27-29). However, disease biology rapidly invokes secondary
biological complexities, and we must not be lulled into considering gene therapy a complete
cure with reversion to a fully normal state; some issues will require additional scrutiny (30,
31). The current complexity of disease causing genes, each with many unique mutations,
ultimately will succumb to rapid and tailored interventions beyond current technologies.
Meanwhile, the complexity of clinical phenotypes is already giving way to disease insights
at the cellular and systems level that yield opportunity for rational treatment design.

Final thoughts

The primary contribution of genetics is the evolution of the concept of medical disease.
Retinal and macular degeneration, cone—rod dystrophies, cataract, and corneal dystrophies
are now being recognized based on the underlying gene or genetic defect. The clinicians and
surgeons examining the patients are becoming aware of the genetic underpinnings and
biological process(es) that cause the disease, assisting in better counseling, clinical
management and treatment strategies.
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