FIGURE LEGENDS
FIGURE 20.1 Time-lapse images of Xenopus optic tectal neurons collected in vivo. (A) This example shows two neighboring, newly differentiated neurons, close to the proliferative zone, imaged over a period of 3 days. These cells initially present glial-like morphologies (day 1). By the next day, these cells have elaborated complex dendritic arbors (day 2), which continue to grow to the end of imaging period (day 3). (B) Example showing an optic tectal interneuron imaged at short intervals over about 1 day. Dendritic trees develop as neurons differentiate within the tectum. Although portions of the dendritic arbor are stable over time (red outlined skeleton at 12.5 h and 18.5 h), other areas are very dynamic as dendritic branches are both added (arrows) and retracted (arrowheads) over time (in this case between 12.5 h and 18.5 h). Source: From Bestman, Santos da Silva, and Cline (2008).

FIGURE 20.2 Transcription factors regulate the diversity and complexity of dendrites. (A) Dendrite morphologies of representative class I, II, III, and IV dendritic arborization (da) sensory neurons in the Drosophila PNS and a summary of the relative levels of expression of the transcription factors Cut, Abrupt, and Spineless in these neurons. (B–D). Ectopic expression of cut increases the dendritic complexity of class I da neurons. (B) Wild-type dendritic morphology of the ventral class I neuron vpda. Cut is normally not expressed in vpda (inset). (C) Ectopic expression of Cut in vpda leads to extensive dendritic outgrowth and branching. (D) Ectopic expression of CCAAT-displacement protein (CDP), a human homolog of Drosophila cut, also induces overbranching. (E–G) Loss of spineless function leads to a dramatic reduction in the dendritic diversity of different classes of da neurons. In loss of-function spineless mutants, class I (E), class II (F), and class III (G) da neurons begin to resemble one another. Source: From Parrish et al. (2007b).

FIGURE 20.3 Dendritic fields are largely unchanged once established during development. Late-onset dendritic loss in Drosophila warts mutants (wts−/−) in late larval stages. Live images of wild-type (WT) and wts mutant (wts) dendrites of class IV da neurons at different times after egg laying (AEL). In wts mutants, dendrites initially tile the body wall normally but progressively lose branches at later larval stages. Source: Adapted from Emoto et al. (2006).

FIGURE 20.4 Upper Panel: Development of the dendritic morphology of cortical pyramidal neurons. Pyramidal neurons are generated from radial glial precursors in the dorsal telencephalon during embryonic development. Upon cell cycle exit from the ventricular zone (VZ), young post-mitotic neurons migrate along the radial glial scaffold and display a polarized morphology with a leading process directed toward the pial surface and sometimes a trailing process directed toward the ventricle. The leading process later becomes the apical dendrite. The trailing process of some neurons (but not all) develops into an axon that grows toward the intermediate zone (IZ; the future white matter) once cells reach the cortical plate (CP). Upon reaching the top of the cortical plate, postmitotic neurons detach from the radial glial processes and have to maintain their apical dendrite orientation toward the pial surface and axon outgrowth orientation toward the ventricle, which appears to be regulated by Sema3A, which acts as a chemoattractant for the apical dendrite and a chemorepellant for the axon. Adapted from Polleux and Ghosh (2008). Lower Panel: Amodel of how sequential action of extracellular factors might specify cortical neuron morphology. A newly postmitotic neuron arrives at the cortical plate, where it encounters a gradient of Sema3A (Polleux et al., 1998), which directs the growth of the axon towards the white matter. The same gradient of Sema3A attracts the apical dendrite of the neuron toward the pial surface (Polleux et al., 2000). Other factors, such as BDNF and Notch, control the subsequent growth and branching of dendrites. Source: Adapted from (Polleux & Ghosh, 2008).

FIGURE 20.5 Visual experience regulates dendritic growth through Rho, Rac, and Cdc42. (A) Visual stimulation over a 4-hour period increases the rate of dendrite growth in optic tectal neurons from Xenopus. Expression of constitutively active (CA) RhoA, dominant negative (DN) Rac, orDNCdc42 affects specific aspects of dynamic dendritic arbor growth, as shown in the images of GFP-expressing tectal neurons collected in vivo. As summarized in the diagram on the right, visual stimulation, acting through glutamate receptors, triggers enhanced dendrite growth by regulating the Rho GTPases. (B) External cues acting through membrane receptors and downstream signaling pathways regulate functional and structural dendritic plasticity. Multiple mechanisms operate in parallel to accomplish and control neuronal plasticity. Source: From Bestman et al. (2008).

FIGURE 20.6 Expression of Sidekick 1, Sidekick 2, Dscam, and DscamL by non-overlapping subsets of neurons in chick retina. Processes of most neurons that express each gene arborize in the same inner plexiform sublaminae, and altered expression of the gene (illustrated for Sidekick 1 in RGCs) leads to redistribution of their dendrites. Source: From Sanes and Zipursky (2010).

FIGURE 20.7 Four cellular processes that lead to regular arrangement of dendrites in the tangential plane of the retina’s inner plexiform layer.

FIGURE 20.8 Schematic diagram of the effect of synaptic input on dendrite development. During dendritic development, newly generated glutamatergic synapses are mediated primarily by NMDA type glutamate receptors (black dots). With the addition of AMPA type glutamate receptors (white dots), synapses can be active at resting membrane conditions and overall synaptic strength is increased leading to dendritic branch stabilization. Dendrites with relatively weak synapses lacking AMPA receptors are retracted (dotted line). The resulting local increases in calcium influx through AMPA/NMDA containing synapses (indicated with “hot” colors) may enhance rates of branch addition and further stabilization. Newly stabilized branches become the substrate for further branch additions. It is the interplay between the dendrites and their synaptic partners that leads to selective stabilization and elaboration of branches toward appropriate target areas (gray and white bars) that is essential for circuit refinement. These processes are not just important during development, but underlie changes in circuit refinement in the mature nervous system. Source: From Bestman et al. (2008).

FIGURE 20.9 A summary of signaling pathways by which neuronal activity influences dendritic development. The effects of neuronal activity on dendritic development are mediated by calcium influx via voltage-gated calcium channels (VGCCs) and NMDA receptors, as well as release from internal stores. Local calcium signals act via Rho family proteins to regulate dendritic branch dynamics and stability, whereas global calcium signals recruit transcriptional mechanisms to regulate dendritic growth.

FIGURE 20.10 Summary of multiple mechanisms that influence dendritic growth and remodeling. Dendritic arbors develop within a complex environment in which they contact and receive signals from afferent axons, glial cells, and other dendrites. Several changes occur at sites of contact between axons and dendrites, marked by 1 and 3 in the image, including local changes in enzyme activity, such as CaM kinase and phosphatases, receptor trafficking, and local protein synthesis. Interactions between glia and neurons, marked by #2, include release of trophic substances that regulate synapse formation and maintenance. Process outgrowth, represented by #4 and #5, is mediated by cytoskeletal rearrangements. Finally activity-induced gene transcription, #6, can change the constellation of protein components in neurons in response to growth factors or synaptic inputs.

