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Scientists from Sydney, Göttingen, and New York have now elucidated how color is perceived in the peripheral visual field. In most humans, color
vision is best in central vision and is far less sensitive in the periphery. Is this due to a mixture of color signals at the retinal level or does it reflect
suboptimal processing of color signals in the central nervous system? As the team now reported in Nature, peripheral ganglion cells are just as
color sensitive as central cells.
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FULL STORY

Scientists from Sydney, Göttingen, and New York have now elucidated how color is perceived in the peripheral visual field.
In most humans, color vision is best in central vision and is far less sensitive in the periphery. Is this due to a mixture of color
signals at the retinal level or does it reflect suboptimal processing of color signals in the central nervous system? As the
team now reported in Nature, peripheral ganglion cells are just as color sensitive as central cells. Thus, our loss of color
vision in the peripheral visual field must have a central origin. The results also pose intriguing problems for the nature of the
retinal wiring which provides the color signal. (Martin, Lee, White, Solomon, & Rüttiger, Nature 410, 933-936 (2001) )
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The human visual system contains two chromatically opponent channels - red-green and blue-yellow - which encode the dimensions of our color experience.
The blue-yellow system is phylogenetically ancient in mammals but a red-green system is only present in monkeys and humans; other mammals are red-green
color blind. The channels derive from the three photoreceptors responsible for daylight vision, the cones, which absorb preferentially at short (S), middle (M) and
long (L) wavelengths; other mammals only possess one M-cone type. The chromatic channels calculate a difference of the cone signals, +S-(M+L) for the blue-
yellow channels, +M-L (and +L-M) for the red-green channel. This occurs in the retina soon after the photoreceptors.

The anatomical origin and wiring of the blue-yellow channel is understood but the basis of the red-green channel is unsure. It is known that the retinal pathway
responsible is the so-called midget system, in which in central vision a single M- or L-cone connects to a single midget bipolar (the second-order retinal neuron)
and then to a single midget ganglion cell, which sends signals to the brain. There are two possibilities; either the 'private line' ensured by the midget wiring is
enough to generate a red-green signal for our cortex, or there are additional, highly specific, synaptic mechanisms in the retina which refine the red-green signal
to a much higher degree. Such mechanisms have been sought anatomically but not found.

A critical test between these hypotheses is color vision in far peripheral retina, at eccentricities beyond 20-30 degrees. Here, the midget wiring is lost, and the
dendritic tree of each ganglion cell of this type makes potential contact with 20-30 cones. With no 'private line', on the basis of this hypothesis, these peripheral
cells should no longer be red-green opponent. Our ability to detect color differences is severely restricted in far peripheral vision, and it has been proposed that
this is because the cellular basis of red-green color vision is lost at the retinal level. On the other hand, if synaptic mechanisms are involved, then these cells
may maintain red-green sensitivity.

In the study now published in Nature, the scientists from the Max Planck Institute for Biophysical Chemistry in Göttingen, from the University of Sydney,
Australia, and from the State College of Optometry in New York sought red-green opponency in far peripheral retina using detailed quantitative methods. The
results were unequivocal; the properties of the peripheral red-green cells were very similar to those found in central midget cells. Therefore, the loss of
chromatic sensitivity observed psychophysically must have a cortical origin.

This finding poses an anatomical puzzle; how can these signals be generated? The dendritic trees of these peripheral ganglion cells are often highly irregular in
shape, and a modelling approach showed that this irregularity was consistent with dendritic trees seeking out either M- or L-cones, which are thought to be
randomly distributed within the cone array. Two mechanisms for the development of this specificity are possible; either, during early visual development,
Hebbian learning occurs in response to the colors seen by the infant eye; or some biochemical marker aids the specific connectivity. The latter possibility might
be more plausible, but the sequence differences for the genes encoding the M- and L-cone visual pigments involve just a handful of amino-acids, and it is
difficult to see how such a marker could be generated. To elucidate the mechanisms involved provides a future challenge.
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Materials provided by Max Planck Society. Note: Content may be edited for style and length.
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Special Filters in Glasses Can Help the Color Blind See Colors Better, Study Finds
July 13, 2020 — A new study found that special patented glasses engineered with technically advanced spectral notch filters enhance color vision for those with
the most common types of red-green color vision ...

Our Visual World of Color Is Largely Incorrect, Study Finds
June 8, 2020 — Color awareness has long been a puzzle for researchers in neuroscience and psychology, who debate over how much color observers really
perceive. A new study finds that people are aware of ...

How Do Fruit Flies See in Color? Study Uncovers Human-Like Brain Circuit at Work
Jan. 9, 2020 — Scientists have identified a brain circuit that drives fruit flies' ability to see in color -- and found that it bears a striking resemblance to the circuitry
behind our own capacity for color ...

Detecting Social Signals May Have Affected How We See Colors
June 14, 2017 — The arrangement of the photoreceptors in our eyes allows us to detect socially significant color variation better than other types of color vision,
a team of researchers has found. Specifically, our ...
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