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            Abstract
Detailed analysis of neuronal network architecture requires the development of new methods. Here we present strategies to visualize synaptic circuits by genetically labelling neurons with multiple, distinct colours. In Brainbow transgenes, Cre/lox recombination is used to create a stochastic choice of expression between three or more fluorescent proteins (XFPs). Integration of tandem Brainbow copies in transgenic mice yielded combinatorial XFP expression, and thus many colours, thereby providing a way to distinguish adjacent neurons and visualize other cellular interactions. As a demonstration, we reconstructed hundreds of neighbouring axons and multiple synaptic contacts in one small volume of a cerebellar lobe exhibiting approximately 90 colours. The expression in some lines also allowed us to map glial territories and follow glial cells and neurons over time in vivo. The ability of the Brainbow system to label uniquely many individual cells within a population may facilitate the analysis of neuronal circuitry on a large scale.
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                    Figure 1: 
                          Brainbow-1
                          : stochastic recombination using incompatible 
                          lox
                           variants.
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Figure 2: 
                          Brainbow-2
                          : stochastic recombination using Cre-mediated inversion.
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Figure 3: 
                          XFP expression in 
                          Brainbow
                           transgenic mice.
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Figure 4: 
                          Combinatorial XFP expression results from tandem copy integration.
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Figure 5: 
                          Cerebellar circuit tracing and colour analysis.
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Figure 6: 
                        Brainbow
                         expression in glial cells and time-lapse imaging.
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        Editorial Summary
Over the brainbow
More than a century ago, RamÃ³n Y Cajal's use of Golgi staining on nerve cells opened the door to modern neurobiology: by staining a small number of neurons, previously invisible axons and dendrites could be seen as they coursed through surrounding tissue. But Golgi staining can label only a small number of cells in one colour. Now, a team from Harvard University has developed a method that enables many distinct cells within a brain circuit to be viewed at one time. The 'Brainbow' technique can paint hundreds of individual neurons with distinctive hues, producing a detailed map of neuronal circuitry. This technology should not only boost mapping efforts in normal or diseased brains, but could also be applied to other complex cell populations, such as the immune system. The cover shows a portion of the hippocampus within a 'Brainbow' mouse. The multicoloured neurons of the dentate gyrus (bottom) lie beneath the cells of the arching CA1 region, while neurons of the cerebral cortex can be seen twinkling above.
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