BOX 26.4

VISION IN MICE

The choice of species is always of great importance in attacking any biological problem. This chapter has concentrated on the macaque monkey because its visual system is very similar to that of humans. But vision has been an important topic in neuroscience for the past 50 years, not merely because we wish to understand how humans see but because it is also a tractable system for addressing many fundamental topics, from development through neural coding. Although traditionally neglected in visual neuroscience, the mouse is quickly becoming one of the most studied species (Chalupa & Williams, 2008), as it is in much of neuroscience. 

The rodent visual system has many homologies with the primate visual system (and most other mammals), but there are several clear differences. Most obviously, while mice are certainly not proverbially blind, they have far lower acuity than primates. Humans can discern features as small as 1minute of arc, but mice are barely able to make discriminations at the scale of 1 degree, 60 times larger. The past decade has told us that there is a great richness of visual processing in the mouse retina, thalamus, and visual cortex, and we can learn a great deal from studying mouse vision. For instance, although we have long known that the visual world is analyzed in parallel by numerous different classes of ganglion cells, it is likely that we will soon have a definitive list of ganglion cells in the mouse. With mouse lines that target single classes of cells, there has been a spate of recent discoveries about ganglion cells, such as a previously neglected class, identified with a transgenic marking method, that respond preferentially to upward motion (Kim et al., 2008). The visual cortex of rodents has many similarities with other species—with orientation-selective neurons, such as simple cells. However, it also has one fundamental difference with most other species in that it has no map for stimulus orientation, a characteristic found also in rats and other rodents (Ohki et al., 2005; Fig. 26.14A). There are also at least nine higher-order visual areas, which have the added benefit that they are all on the cortical surface (Wang & Burkhalter, 2007; Fig. 26.14B), so they can all be imaged with optical techniques. Although there will be no exact homologies between these areas and the extrastriate regions found in primates, they offer a rich opportunity to study classical problems, such as cortical arealization and hierarchical processing, with all of the modern tools of molecular genetics and in vivo imaging.
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