FIGURE LEGENDS
FIGURE 13.1 Ectodermis subdivided into different fates during gastrulation. Shown is a cross-sectional side view, and top view of an amphibian embryo before (blastula-stage) and after gastrulation (neural plate-stage). During gastrulation, the gray and green (dorsal mesoderm) regions of the blastula involute, and the ectoderm (blue/red) at the top spreads over the outside of the embryo, and extends along the anterior-posterior axis. As this process occurs, signals emanating from the dorsal and ventral sides of the embryo specify different fates, so that dorsal ectoderm (red) becomes neural tissue while ventral ectoderm (blue) becomes epidermis.

FIGURE 13.2 Organizer transplant experiment of Mangold and Spemann. Tissue around the DBL was removed from one embryo (black) and placed into the ventral side of another (light gray). The transplanted DBL, if large enough, will cause a complete second dorsal axis to form on the host embryo, resulting in twinning. Cross section through the tadpoles shows that the second dorsal axis contains a complete nervous system. Importantly, by using differently pigmented embryos, one can show that the majority of the nervous system in this new dorsal axis is not derived from the transplanted tissue, but rather from host tissue, fated to give rise to ventral tissues in the absence of a graft.

FIGURE 13.3 The BMP signaling pathway and its role in DV patterning of the ectoderm. (A) Experiments in Xenopus embryos that led to the default model: culture of animal cap explant results in epidermis differentiation; dissociation for several hours followed by reaggregation of animal cap tissue results in neural induction; the presence of BMPs during dissociation prevents neural induction and promotes epidermis formation; the expression of a dominant-negative Activin receptor results in neural induction even without dissociation. (B) Schematic model for DV patterning of the amphibian embryo. Spemann’s organizer (green) on the dorsal (D) side of the embryo produces BMP antagonists that counteract the activity of BMPs (blue) on the ventral side (V). This results in a BMP activity gradient that patterns the DV axis of the embryo. Ventral ectoderm develops into epidermis (epi) under the influence of BMPs, whereas the neural plate (neurectoderm, ne) is induced on the dorsal side through BMP inhibition; mes, mesoderm; ed, endoderm. (C) The default model for neural induction including recent modifications: BMPs induce epidermal fate and inhibit neural induction via Smad1 activity; BMP inhibitors act as neural inducers by blocking BMPs; FGFs act as neural inducers by counteracting Smad1 and via BMP-independent mechanisms; Wnt/β-catenin signaling predisposes ectoderm for neural induction by both preventing the transcription of Bmp genes and inducing the expression of BMP inhibitors.

FIGURE 13.4 Models for early AP patterning of the CNS. (A) A graft of the DBL at early gastrula stages (EGO) results in the induction of a complete secondary axis, whereas a late gastrula DBL graft (LGO) only results in trunk and tail induction. (B) Anteriormost sections of the AME that containmostly AE induce only very anterior ectopic structures; sections containing PME and anterior CM induce heads, whereas more posterior sections induce trunks and tails, leading to the idea of regionally specific inductions. (C) Model for pattern formation in the early neural plate: graded Wnt signaling (red) specifies the anteroposterior axis, whereas graded BMP signaling (blue) specifies themediolateral axis of the neural plate. These gradients are shaped by the expression of BMP inhibitors in the AME (green) and of Wnt inhibitors in the anterior AME and in the ANB (purple).

FIGURE 13.5 Morphogenesis of the neural plate and tube. (A) The formation of the neural plate and tube requires an organized intercalation of cells along the medial-lateral axis (convergence), which extends the neural anlage along the anterior-posterior axis (extension). The polarized cell behaviors that drive this process require the PCP pathway. (B) Neurulation of the neural plate into a tube requires several hinge points along the DV axis, including one at the forming ventral midline (MHP) which becomes the floor plate, as well as more dorsal ones (LHP). These hinge points allow the neural plate to buckle and the neural folds to elevate and fuse at the dorsal midline. At the same time, the neural crest cells form (red) and emigrate.

FIGURE 13.6 Distribution of motor neuronal types in the chick embryo hindbrain in relation to rhombomeres. Shown on the right side are branchiomotor neurons, forming in r2 + r3 (Vth cranial nerve, trigeminal), r4 + r5 (VIIth nerve, facial), and r6 + r7 (IXth nerve, glossopharyngeal), and contralaterally migrating efferent neurons of the VIIIth nerve (vestibuloacoustic), which are in the floor plate (FP) of r4 at the stage shown. Shown on the left side are somatic motor neurons, forming in r1 (IVth nerve, trochlear), r5 + r6 (VIth nerve, abducens), and r8 (XIIth nerve, hypoglossal). Cranial nerve entry/exit points and sensory ganglia associated with r2 (trigeminal), r4 (geniculate, vestibuloacoustic), r6 (superior), and r7 (jugular) are shown, as is the otic vesicle (ov). Colored bars represent the AP extent of Hox gene expression domains; note that one of these, Hoxb1, is expressed at a high level only in r4. Modified from Lumsden and Keynes (1989).

FIGURE 13.7 Model for neural boundary formation. 1. An initially uniform sheet of cells is polarized by a global signaling gradient (yellow)—for example, by a posterior-to-anterior gradient of WNTs. 2. This results in a coarse prepattern of transcription factor expression, with blue induced at low WNT signal level and red at a higher level. 3. Mutual cross-repression between blue and red factors establishes two distinct populations of cells separated at a fuzzy interface. 4. Cell sorting processes, depending on affinity molecules regulated by the red and blue transcription factors, act by minimizing contact between red and blue cells; a sharp, straight interface results. 5. Interaction between red and blue cells at the interface induces a boundary cell phenotype and boundary- specific markers are expressed (shaded area). 6. The boundary cells then express a signal molecule (green) that spreads laterally. Asymmetric responses by receiving cells to the green morphogen may depend either on prepatterned difference in competence (blue cells become yellow, and red cells become either both mauve and pink), and on morphogen concentration (mauve at high level, pink at lower level). The diffusion of a morphogen from a local source also governs the timing and spatial extent of responses. Later (7), postmitotic cells may migrate to new positions in the non-lineage-restricted mantle layer. From Kiecker and Lumsden (2005).

FIGURE 13.8 Hox gene expression domains in the CNS of fly and mouse. Nested domains of Hox genes along the AP axis of the Drosophila CNS closely parallel those of their homologues in mouse. Compare, for example, the fly gene labial (lab) with its mouse homologue Hoxb1. Hox genes specify a positional value along the AP axis, which is interpreted differently in fly and mouse in terms of downstream gene activation, resulting in neural structure; shared between the two organisms is the means of encoding the position of a cell along the AP axis. From Hirth, Hartmann, and Reichert (1998).

FIGURE 13.9 Boundaries in the avian embryo brain. (A) At an early stage signaling boundaries format an interface between domains of Otx2 and Gbx2 expression, the midbrain–hindbrain boundary (MHB), and between adjacent rhombomeres (r1–r7). The zona limitans intrathalamica, organizer of the diencephalon, will later form at the interface shown here between Fez and Irx3 transcription factor domains. Dark blue arrows represent FGF8 signaling to both the presumptive optic tectum (mesencephalon) and presumptive cerebellum (r1). The anterior neural ridge (ANR) also secretes FGF, patterning the anterior forebrain. (B) At a later stage, a narrowwedge-shaped boundary region (ZLI) forms in the mid-diencephalon, and expresses Sonic hedgehog (pink), which induces the expression of regional determinants in flanking territories— the thalamus (Th) and prethalamus (Pth). Hth, hypothalamus; Ptec, pretectum; Tel, telencephalon.

FIGURE 13.10 Role of FGF8 in mid/hindbrain patterning. (A) Implanting a bead that releases FGF8 protein (red) in the posterior diencephalon of an early chick embryo results in the induction of En (blue) and the transformation of normal posterior diencephalic territory (B) intomidbrain (C). In the treated embryo (C), the posterior diencephalon forms a set of midbrain structures laid out in reverse AP polarity to the normal midbrain. This is thought to be due to the induced anteriorto-posterior gradient of EN protein that is the mirror image of the endogenous EN gradient. Also shown in (A) is the expression domain of the prepattern gene Irx2 (green hatched), which establishes cerebellar competence in rhombomere 1. A.Di, anterior diencephalon; in, isthmic nuclei; Mes, midbrain; nIII, oculomotor nucleus; nIV, trochlear nucleus; P.Di, posterior diencephalon; r1, rhombomere 1; Tel, telencephalon; tg, tectal griseum; ts, torus semicircularis; zli, zona limitans intrathalamica. Data from Crossley, Martinez, and Martin (1996) and Matsumoto et al. (2004).

FIGURE 13.11 Segmented pathways for motor axon growth and neural crest migration in the trunk region. The AP positions at which motor axons collect to forma ventral root motor nerve and crest cells aggregate to form a dorsal root ganglion (DRG) are determined by the somites. By the stage at which these constituents of the peripheral nervous system appear, the medial (sclerotomal) region of somites has dispersed and surrounds the notochord and ventral neural tube. The sclerotome is divided into anterior (light gray) and posterior (dark gray) halves, which are distinct from each other according to cell density and molecular markers. All components of the peripheral nervous system are confined to the anterior half sclerotome of each somite, which is permissive for the migration of neural crest cells (arrows), some of which condense to form DRG, and the ingrowth of motor neuron growth cones.

FIGURE 13.12 (A) Influence of ventral midline signals on spinal cord pattern. Cross sections through the developing chick spinal cord at the neural plate stage and resulting spinal cord, showing the effect of adding or removing notochord. (Left) Normal development: the floor plate (red) develops above the notochord (n) and motor neurons (yellow) differentiate in the adjacent ventrolateral region of the neural tube; Pax6 (blue) is expressed in more dorsal regions. (Center) Grafting a donor notochord (n′) alongside the folding neural plate results in formation of an additional floor plate and a third column of motor neurons. Pax6 expression retreats from the transformed region. (Right) Removing the notochord from beneath the neural plate results in the permanent absence of both floor plate and motor neurons in the region of the extirpation. Pax6 expression extends through the ventral region of the cord. (B) Sequence of stages in the formation of DV pattern in the spinal cord and hindbrain. Notochord-derived Shh protein (red) induces differentiation of the floor plate, which also expresses Shh. BMPs (dark blue) are expressed in epidermal ectoderm adjoining the neural plate. As the neural plate closes, neural crest cells individuate (light blue) at the junction between neural and epidermal ectoderm. At the early neural tube stage, Isl1–expressing motor neuron precursors (yellow) appear close to the floor plate and neural crest cells leave the dorsal tube and midline ectoderm through breaks in the basal lamina. BMP expression transfers to the dorsal neural tube Finally, motor neurons differentiate in the ventral cord. White and yellow arrows denote Shh signaling; black and purple arrows denote Bmp signaling.

FIGURE 13.13 (A) Formation of different cell types at different DV positions in the spinal cord. Sonic hedgehog (SHH) is responsible for generating interneuron (V0–V3) and motor neuron (MN) diversity in the ventral half of the spinal cord, whereas BMPs are responsible for interneuron (D1–D6) diversity in the dorsal half. SHH protein (red), produced by the floor plate, and BMP protein (blue) by the roof plate act as counteracting graded signals, inducing different cell types at different DV positions in vivo. (B) Recombinant SHH protein has been shown to induce a similar range of responses and at different concentrations in vitro.

FIGURE 13.14 Model for ventral neural patterning. (Left) Graded SHH signaling from the ventral pole induces new expression of some homeobox genes (e.g., Nkx2.2, Nkx6.1) and represses the existing expression of others (e.g., Pax6, Dbx2). (Center) Cross-repressive interactions between pairs of transcription factors sharpen mutually exclusive expression domains. (Right) Profiles of homeobox gene expression define progenitor zones and control neuronal fate. From Briscoe and Ericson (2001).

FIGURE 13.15 Cross section of the telencephalon of an early mouse embryo, with signaling on the left side with DV regions and gene expression on the right side. Ventromedial patterning of medial and lateral ganglionic eminences (MGE, LGE) is influenced by SHH signaling from the ventral midline. BMPs and WNTs, produced by dorsomedial regions (roof plate, and medial pallium) and later from the cortical hem(CH), are implicated in pallium(P) specification. AH, anti-hem; POA, preoptic area.

FIGURE 13.16 Schematic showing the effect of Lhx2 mutation on pallial fate, in cross section through the dorsal telencephalon. When Lhx2 function is ablated, the neocortex (cx) fails to form and its pallial progenitor region instead forms expanded choroid plexus (cp), cortical hem (ch), and anti-hem (ah). Data from Mangale et al. (2008).

FIGURE 13.17 (A) Regulation of neocortical pattern by local signals: FGF8 (green) from the anterior neural ridge (ANR), Wnts and Bmps (blue) from the cortical hem; and SHH (red) from the medial ganglionic eminence. (B) These and other signals are thought to induce expression of the transcriptional factors Emx2 and Pax6 in opposed gradients that control regional identity. (C) Loss of function of either of these genes results in a specific shift of area identity from wild type (left), implying that visual cortex (V1) is specified by Emx2 [high], Pax6 [low] and that of motor cortex is specified by Emx2 [low], Pax6 [high]. From O’Leary and Nakagawa (2002).
