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            Abstract
Human vision starts with the activation of rod photoreceptors in dim light and short (S)-, medium (M)-, and long (L)- wavelength-sensitive cone photoreceptors in daylight. Recently a parallel, non-rod, non-cone photoreceptive pathway, arising from a population of retinal ganglion cells, was discovered in nocturnal rodents1. These ganglion cells express the putative photopigment melanopsin and by signalling gross changes in light intensity serve the subconscious, â€˜non-image-formingâ€™ functions of circadian photoentrainment and pupil constriction1,2,3,4,5,6,7. Here we show an anatomically distinct population of â€˜giantâ€™, melanopsin-expressing ganglion cells in the primate retina that, in addition to being intrinsically photosensitive, are strongly activated by rods and cones, and display a rare, S-Off, (L + M)-On type of colour-opponent receptive field. The intrinsic, rod and (L + M) cone-derived light responses combine in these giant cells to signal irradiance over the full dynamic range of human vision. In accordance with cone-based colour opponency, the giant cells project to the lateral geniculate nucleus, the thalamic relay to primary visual cortex. Thus, in the diurnal trichromatic primate, â€˜non-image-formingâ€™ and conventional â€˜image-formingâ€™ retinal pathways are merged, and the melanopsin-based signal might contribute to conscious visual perception.
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                    Figure 1: Morphology of melanopsin-immunoreactive cells.[image: ]


Figure 2: Retrograde tracer labelling from LGN and pretectum colocalize with melanopsin immunostain.[image: ]


Figure 3: Giant cells show rod and colour-opponent inputs and are inherently photoreceptive.[image: ]


Figure 4: Spectral sensitivity of the giant cell's inherent light response.[image: ]


Figure 5: Irradiance coding and visual sensitivity range for the giant cell.[image: ]
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The recent discovery of inner retinal photoreceptors in mammals and fish was a major surprise. Present in addition to the well known rods and cones, these receptors are thought to detect irradiance levels, and to be linked to the night-and-day regulation of the circadian system. Two new studies show that melanopsin, found almost exclusively in these â€˜ganglion-cell photoreceptorsâ€™, is photosensitive. Qiu et al. turn mammalian kidney cells into functional photoreceptors by introducing melanopsin, and Melyan et al. do a similar trick in neuronal cells. These findings could have clinical applications, possibly allowing selective stimulation of cells in the brain and helping to restore sight lost due to retinal degeneration. A further study identifies a previously unknown retinal population of â€˜giantâ€™ melanopsin-expressing ganglion cells. They are photosensitive but are also activated by rods and cones, thereby merging the conventional â€˜image formingâ€™ pathway with the radiance-detecting pathway in primates.
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