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A. We can induce a
third eye (arrow) to
grow in a frog embryo.

B. The third eye con-
tains the three cell lay-
ers of normal eyes: the
inner nuclear layer
(INL), outer nuclear
layer (ONL), and gan-
glion cell layer (GCL,
violet stain).

C. Photoreceptors of a
third eye express opsin
(green). The lens is
stained red.

Stem cells have the ability to differenti-
ate into specialized cells. A retinal stem
cell, for example, may become a rod cell,
a cone cell, or any of the five other types
cells in the retina. 

Dr. Michael E. Zuber has been character-
izing genes that control how retinal stem
cells differentiate in the frog. The retina
of a frog is remarkably similar to the
human retina, making it ideal to study
retinal stem cell formation and differenti-
ation. Dr. Zuber is also studying 

how these genes interact during 
differentiation, what factors 
control differentiation, and how 
retinal stem cells might be 
produced in a culture dish. This 

knowledge could lead to retinal 
stem cell treatments for blinding 
diseases such as age-related 

macular degeneration, retinitis 
pigmentosa, and glaucoma. 

To identify genes involved in differentia-
tion, Dr. Zuber began by studying how
the frog’s embryonic retinal cells form
and how they develop into rods, cones,
and other retinal cell types. He discovered
that eight transcription factors are suffi-
cient for normal eye formation and that
these same factors were also active in
developing embryonic retinal stem cells. 

Dr. Zuber’s next step was to force the
expression of these factors in a frog
embryo. When he did this, a third eye

developed in the frog. He had induced the
formation of retinal stem cells that gave
rise to all the cells of the adult eye. This
signal achievement provided a powerful
tool for identifying the genes necessary to
produce retinal stem cells. 

So far, Dr. Zuber has determined that
eight genes are sufficient to form a com-
plete eye. When he discovers how these
genes work together to form retinal stem
cells, it may be possible to generate an
unlimited supply of a patient’s own reti-
nal stem cells to replace adult eye cells
lost as a result of retinal injury or disease. 
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Model of the genes and genetic 
interactions that take place during
normal retinal stem cell formation.
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Schematic of the area in the embryo destined to become the
eye (eye field) at stages 12.5 (A) and 15 (B) of develop-
ment. The arrows point to where eye-field transcription
factor genes (e.g., Rx1, Six3, Pax6) normally express at the
two developmental stages. When Dr. Zuber noticed that
the expression patterns overlapped in one area of the
embryo—where the frog’s eye develops—he expressed these
genes at another location in the embryo to see if a third eye
developed, which it did. The acronyms are the names of
genes collectively called the eye-field transcription factors.


