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Mammalian eye development represents an advantageous system to understand the cellular, molecular, genetic
and epigenetic mechanisms governing formation of new cell types, cellular differentiation, tissue-specific gene
control, dynamic changes in the chromatin landscape, and subnuclear organization of chromatin. Differentiation
of human pluripotent stem cells into various ocular cell types, including the cornea, lens, cone and rod
photoreceptors, retinal progenitor cells, retinal pigmented epithelium, and retinal ganglion cells, enables studies of
self-organization, interaction of DNA-binding transcription factors with chromatin at single cell and single molecule
levels, generates models for cell replacement therapies and for tissue regeneration using endogenous adult stem
cells. Importantly, genome engineering of isogenic human iPS cells using CRISPR-Cas9 technologies facilitates
modeling of human ocular genetic diseases and provides opportunities for their therapies. For example, our
ongoing studies are aimed to generate isogenic iPS cell lines carrying heterozygous and homozygous missense
and nonsense mutations in transcription factor PAX6, the master regulatory gene of eye development. These
studies model human aniridia and provide novel mechanistic insights into gene regulatory networks (GRNs)
controlled by PAX6 in various ocular cell types.
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