FIGURE LEGENDS
FIGURE 14.1 Synopsis of early neural development in vertebrates (example: the amphibian Xenopus laevis; A–D) and insects (example: the fruitfly Drosophila melanogaster; E–H). (A and E) Dorsolateral views of embryos at the onset of neurulation. The neurectoderm is shaded light blue. The expression of the signal Bone Morphogenetic Protein (BMP) and its antagonists is indicated. (B and F) Schematic cross sections of embryos depicted in (A and E). (C and G) Cross sections at a later stage when neurulation is well under way. In vertebrates, the neural plate folds in to become the neural tube. Cells at the junction between the neural tube and the epidermal ectoderm (green) form the neural crest, which gives rise to the peripheral and autonomic nervous systems. The neural tube is a proliferating neuroepithelium (C’); symmetric mitoses increase the number of epithelial neural progenitor cells, asymmetric mitoses result in daughter cells that delaminate from the epithelium and become neurons (red). In insects, individual neural progenitors (neuroblasts; purple) delaminate from the neurectoderm. They divide in a stem cell mode (G’), producing stacks of daughter cells called ganglion mother cells (GMC). Each ganglion mother cell divides into two neurons (e.g., N1a and N1b). (D and H) Cross sections of late embryos in which some neurons (red) have differentiated. In vertebrates, these neurons form the mantle layer that surrounds the neuroepithelium, now called ventricular layer. Neurites gather at the outside of the neural tube (marginal layer). In insects neuronal cell bodies form an outer layer (cortex); neurites gather in the center, forming the neuropile. Progenitors of the peripheral nervous system [sensory organ progenitors (SOPs); green] segregate from different locations in the epidermis.

FIGURE 14.2 Specification of regional identity of the neural primordium. (A and B) Homeobox genes control regional identity along the anteroposterior axis. (A) Drosophila. The neurectoderm and neuroblast layer is subdivided into a series of neuromeres, each of which gives rise to a segmental ganglion. Transcription factors of the Hox family are expressed in blocks of neuromeres and provide neuroblasts with a segment-specific identity. In the segments of the abdomen (A1–A9), thorax (T1–T3), and posterior head (B3–B6) genes of the Hox complex are expressed (lab, pb, Dfd, Scr, Antp, Ubx, AbdA, AbdB); head gap genes (otd, ems) are found in the anterior head (B1–2). B: Mouse. Homologous Hox genes and Head gap genes are expressed in sets of vertebrate neuromeres in the same antero-posterior sequence (P1–P6: prosomeres of forebrain; R1–7: rhombomeres of hindbrain). Otx is expressed in the dorsal telencephalon (P1–3) that gives rise to cerebral cortex. Emx defines alar plate of prosomeres 4–6, that will form the dorsal thalamus and ventral thalamus, as well as the dorsal midbrain. Hox genes are expressed in hindbrain and spinal cord. Note that for the Hox genes, the level indicated represents the anterior boundary of a wider domain that extends posteriorly for an unspecified distance. (C–F) Regional identity along the dorso-ventral axis. (C and D) Vertebrate. The neural tube (shown in C formouse) is subdivided into four domains, the floor plate, basal plate, alar plate, and roof plate. Floor plate and roof plate do not give rise to neurons. The basal plate produces motoneurons and interneurons. Interneurons formed by the alar plate are the target of sensory input to the spinal cord and brain. The Homeobox gene Nkx2.2 is expressed in the ventral part of the basal plate; Msx is expressed in the dorsal part of the alar plate. The expression of these two genes in a cross section of the zebrafish spinal cord are shown in (D). A third homeobox gene, Gsh-1, is expressed at a lateral level in between Msx and Nkx2.2. (E and F) Homologs of these genes are expressed in the same dorso-ventral succession in Drosophila. The schematic cross section of the fly neurectoderm (E) shows that the Nkx2.2 homolog Vnd forms amedial stripe adjacent to themidline cells; Ind (homolog of Gsh-1) and Msh (homolog of Msx) are expressed at an intermediate and lateral level, respectively. Panel F shows a ventral view of a whole mount in situ preparation demonstrating the expression of Vnd and Msh.

FIGURE 14.3 Function of proneural and neurogenic genes in neural development. (A) The sequence of events that leads to the segregation of individual neural progenitors (in insects) or neurons (in vertebrates). First, proneural genes are turned on in discrete cell populations, called proneural clusters (purple). In Drosophila, a number of genes (called “regional identity genes” in the diagram) have been identified. They are expressed in a distinct pattern of transverse and longitudinal stripes before proneural genes appear and are proven or likely factors to control the expression of proneural genes. Proneural genes in turn trigger different events in the proneural clusters. One outcome of their expression is a cell–cell interaction process, mediated by the neurogenic genes, that selects a single cell (or a smaller group of cells) from each proneural cluster. Only this cell continues along the neural pathway and segregates from the neurectoderm as a neuroblast (right side of panel; intense purple), which divides and produces a neural lineage (red); the other cells of the proneural cluster remain within the neurectoderm. In vertebrates (left side of panel), the entire neurectoderm (i.e., the neural plate/neural tube) is formed by neural progenitors. Here, the proneural/neurogenic gene cassette seems to select cells that become postmitotic and differentiate from other (neural progenitor) cells, which remain in the neuroepithelium and continue to proliferate. (B) Detail of proneural gene expression in the neurectoderm of the Drosophila embryo ( from Skeath & Carroll, 1992). (C) Interaction between proneural and neurogenic genes in the Drosophila neurectoderm. The upper panel shows two cells of a proneural cluster in which proneural genes of the achaete-scute complex (AS-C) are expressed. Genes of the AS-C activate the expression of the signaling molecule Delta (Dl). Dl activates the receptor Notch (N) in neighboring cells; this leads to cleavage of the Nmolecule and the translocation of the cytoplasmic domain of Nalong with the transcription factor Suppressor of Hairless [Su(H)] to the nucleus, where they upregulate the expression of proteins of the Enhancer of split complex [E(spl)-C]. E(spl) initiates or maintains the development of an undifferentiated neurectodermal cell; at the same time, it directly inhibits the expression of AS-C genes, which promote differentiation of a cell as a neural progenitor or neuron. Imbalances introduced by an unknown mechanism into the levels of AS-C or E(spl)-C expression, respectively, are rapidly amplified (lower half of C) and lead to the segregation of a single neural progenitor (high levels of AS-C) from other cells that stay epithelial [high levels of E(spl)-C]. (D–G) The proneural gene turns epidermal cells into neurons. (D) A normal Xenopus embryo stained for the neural marker NCAM shows no staining in the epidermis. (E) A neuroD-injected embryo has NCAM-stained cells with neuronal morphology in the entire epidermis. (F) Wild-type Drosophila embryo labeled with the neuronal marker 22C10 contains discrete clusters of neurons forming the central nervous system (CNS) and peripheral nervous system (PNS). (G) Loss of the signaling molecule Dl causes a massive increase in neurons at the expense of epidermis.

FIGURE 14.4 Control of asymmetric cell division in neural progenitors. (A) Schematic section of Drosophila neurectoderm at the stage of neuroblast delamination. Proteins of the apical complex (e.g., Par3, Inscuteable) are expressed apically in the neurectoderm and are carried interiorly by delaminating neuroblasts. (B) Schematic of neuroblast before (top), during (middle), and after (bottom) mitosis. The apical complex controls asymmetric distribution of intrinsic fate determinants, such as Numb and Prospero (red), by orienting the mitotic spindle vertically and by localizing the Miranda protein (yellow) basally. Miranda “traps” Numb at the basal pole of the dividing neuroblast (middle panel) and thereby channels it into the ganglion mother cell (bottom panel). (C) Schematic cross section of the mouse neuroepithelium. The mouse Par complex is also expressed apically in neural progenitors (green). In asymmetric divisions, Par 3 is maintained only in the epithelial daughter cell and not the delaminating neural precursor (arrow). (D) Confocal section of Drosophila neurectoderm (from Wodarz & Huttner, 2003). Expression of apical complex (represented by Par3, green) in ectoderm (arrowhead) and delaminated neuroblast (arrow). Miranda (red) is expressed basally; following neuroblast mitosis, it is restricted to ganglion mother cell. (E–F’) Confocal sections of dividing neural progenitors in mouse neural tube (neurectoderm), showing expression of Par3 (from Bultje et al., 2009). (E, E’) Symmetric division. Apical expression of Par3 (small asterisks) is inherited by both daughter cells. (F, F’) Asymmetric division. Par3 ends up only in the one daughter cell to the left; the other daughter cell, lacking Par3, delaminates and adopts a neural fate.

FIGURE 14.5 Specification of glial lineages. (A) Neuroblast map of the ventral nerve cord with glioblasts and neuroglioblasts indicated. Neuroblasts/neuroglioblasts of one hemineuromere are identified alphanumerically. (B) Neuroglioblast Nb6-4 expresses the glial regulatory protein Gmc (green). When this cell divides into two daughter cells, 6-4 G and 6-4 N, the Inscuteable complex and Miranda segregate Gmc into 6-4 G, which thereby becomes specified as glioblast. 6-4 N generates neurons. (C) Photograph of cell lineage obtained by injecting an individual neuroepithelial cell frommouse cortical progenitor cultured in a dish. Neural and glial-specific antibodies reveal the presence of both neurons (purple) and glia (astrocytes: green; oligodendrocytes: blue) in the lineage (from Qian et al., 2000). (D) Schematic cross section of neural tube of early embryo (left), late embryo (middle), and around birth (right; see time line at bottom). At early stage, symmetric divisions of neuroepithelial cells (1) result in an increased number of neural progenitors. At later stages, neuroepithelial cells (now synonymous with radial glial cells) start to divide asymmetrically, producing neurons (red), and maintaining their own number. Perinatally, production of neurons ceases, and neuroepithelial cells/radial glia switch to the production of oligodendrocyte progenitors (blue). Many radial glial cells delaminate and become astrocytes (green). Radial glia also give rise to the ependymal cells lining the ventricles of the adult CNS, to more oligodendrocyte progenitors, and to neural stem cells that remain active throughout adult life (after Kriegstein & Alvarez-Buylla, 2009).

FIGURE B14.1 Integration of transplanted ESC-derived motor neurons into the spinal cord. (A) Implantation of fluorescently labeled ESC-derived motor neurons into an embryonic chick spinal cord. (B) Fluorescence image showing GFPlabeled motor neurons in thoracic and lumbar spinal cord. (C and D) Location of ES-cell derived GFPlabeled motor neurons clustered in the ventral spinal cord and sending axons out the ventral root. (From Wichterle et al., 2002.)

FIGURE 14.6 Sensory organ development in vertebrates. (C) Schematic dorsal view of neurula stage embryo, showing neural plate (light blue) flanked by sensory placodes (dark blue; anteriorly) and neural crest (green). Placodes express specific transcription factors of the Pax family. (A, B, D–F) Schematic cross sections of vertebrate embryo at successive stages, showing specification of the neural crest and sensory placodes (A, B) and development of the otic placode (D–F). (A) BMP signals from the lateral (epidermal) ectoderm and FGF signals from the mesoderm specify border region in between neural plate and epidermal ectoderm. (B) Peak levels of BMP and Wnt at the lateral boundary of the neural plate specify neural crest. Further laterally, these signaling pathways are inhibited, allowing for the appearance of the preplacodal ectoderm, from which all sensory placodes are derived. (D) Otic placode is induced from dorsal ectoderm by inductive signals (e.g., FDG19, Wnt8c) from neural tube and somites. (E) Otic placode invaginates. Precursors of sensory neurons (red) delaminate from placodal epithelium. (F) Cells of the placodal epithelium differentiate. Precursors of hair cells (sensory receptors; magenta) and support cells (green) appear. (G) Otic placode grows and forms cochlea and semicircular canals. (H) Magnified view of cross section of part of cochlea. Dendrites of sensory neurons (spiral ganglion) form synaptic contacts with sensory hair cells. These specialized, ciliated cells are surrounded by support cells. (I and J) Surface view (I) and section (J) of mouse cochlea, showing normal number and pattern of hair cells and support cells. (K and L) In Dl/Jag double mutants, hair cells are increased in number, and support cells are decreased. (From Kiernan, Cordes, Kopan, Gossler, & Gridley, 2005.)

FIGURE 14.7 Sensory organ development in Drosophila. (A) Structure of mature sensilla. Schematic section of external mechanoreceptor (microchaete). Bipolar sensory neuron (red) is surrounded by two inner support cells, the thecogen cell (purple) and glial cell (yellow). Two outer support cells, the tormogen cell (light blue) and trichogen cell (dark blue), form the socket and shaft of the bristle-shaped cuticular component of the sensillum. (B) Tree diagram of canonical cell lineage of mechanoreceptive sensillum (microchaete). Progenitor of sensillum (SOP or pI; top) divides into two daughter cells, pIIa and pIIb. Division of pIIa gives rise to outer support cells (trichogen and tormogen cell). PIIb divides into progenitor pIIIb that then produces sensory neuron and thecogen cell; the other daughter of pIIb develops as glial cell (as shown here for the microchaete) or expresses a number of other different fates (not shown). (C and D) Sensillum patterning. (C) Schematic dorsal view of Drosophila thorax (notum) indicating invariant pattern of mechanoreceptive bristles. Some of the large bristles (macrochaetes) are identified individually. Anp, anterior notopleural; apa, anterior postalar; pdc, posterior dorsocentral; pnp, posterior notopleural; psc, posterior scutellar. (D) Expression of the proneural gene scute (grey) in wing imaginal disc. In the proximal region of the disc which gives rise to the notum, scute is expressed in proneural clusters which can be assigned to individual macrochaetes. (E–J) Distribution of fate determinants and Notch signaling in the sensillum lineage. (E) During the pI mitosis, Numb, an inhibitor of Notch signaling, is distributed to pIIb. This activates determinants of neurons like Prospero and Phyllopod. Loss of Numb in pI causes transformation of pIIb into pIIa, with a concomitant doubling of outer support cells and absence of neuron/inner support cells. (F, G) Examples of this transformation are the mechanoreceptive Keilin’s organ that, in wild type (F1), has three sets of shaft/socket, and, in numb mutant (G1), has four to five sets of these outer support cells. Likewise, duplication of shaft/socket occurs in a basiconical sensillum (F2: wild-type; G2: numb mutant). F3 shows molecular marker Cut expressed in two outer support cells of a mechanoreceptive sensory organ of the embryo (arrowhead). In the numb mutant (G3), these cells are doubled in number (arrow).

FIGURE 14.8 Determination of ommatidial cell fate in the Drosophila compound eye. (A) Schematic longitudinal section of ommatidium depicting cell types in different colors. (B) Surface view of part of the eye imaginal disc at a stage when photoreceptor clusters become assembled in a sequential fashion. Gray profiles indicate the apical surface of undifferentiated cells; colored profiles demarcate different types of photoreceptors and cone cells. At the left margin, all cells are undifferentiated. This is followed by a phase in which eye disc cells become more closely packed and constricted at their apical pole, thereby forming the morphogenetic furrow. As they leave the furrow, cells form more or less regularly spaced rosettes (light red). Within each rosette, a single cell becomes singled out as the photoreceptor R8 (dark red). At the time when it becomes distinguishable morphologically, four other photoreceptors (R2, R5: lilac; R3, R4: blue) have joined R8. Together, these five cells form the so-called preclusters. Three more photoreceptors (R1, R6: blue; R7: orange) join the preclusters, leading up to complete photoreceptor clusters. This step is followed by the appearance of four cone cells (green) that surround the photoreceptors in a circular fashion. On the right side of the panel, photoreceptors can be seen to segregate from the surface. Their apical membranes (all shown in purple) become increasingly smaller (arrow) and finally disappear altogether. (C) Initiation of compound eye development. During midlarval stages (Top), the signal Hedgehog (Hh; red) is expressed at the posterior tip of the eye disc. Hh activates the expression of another signaling protein, Dpp (blue), which turns on several “early eye genes,” which commit the undifferentiated, proliferating cells that comprise the eye disc to an eye fate. During late larval stages, Hh and other factors initiate differentiation of the first ommatidial cells, the R8 photoreceptors, by turning on the proneural gene atonal (ato). This sets in motion other signaling pathways (EGFR signaling; Notch/Delta signaling) required for the proper spacing of ommatidia and the determination of other ommatidial cell fates. (D) Determination and spacing of R8 are controlled by the proneural gene atonal (ato), as well as the inhibitory signals Delta (Dl) and Scabrous (Sca). Initially switched on in the entire morphogenetic furrow, ato expression then becomes restricted to a mosaic of regularly spaced cells, which subsequently differentiate as R8. Continued secretion of Hh, which signals across the MF toward the more anterior cells of the eye disc, drives the morphogenetic furrow across the eye disc. (E) Determination of photoreceptors R1–R7 and cone cells. Secretion of the TGF β homologue Spitz (Spi) from R8 stimulates cells surrounding R8 via the Drosophila EGF receptor homologue (DER), the Ras signaling pathway (symbolized by black arrows). In conjunction with other signaling events, including Notch/Delta, photoreceptors are induced to express specific transcription factors, which are required for their respective fates. The lozenge (lz) gene is expressed in R1, R6, R7, and cone cells; seven-up (svp) is expressed in R1, 6, 3, and 4; rough (ro) in R2, 3, 4, and 5; BarI in R1, and 6; prospero (pros) in R7, and Pax-2 in cone cells.

FIGURE 14.9 Photoreceptors in the eye of normal and sevenless mutants. (A) If a light is shone from the back of a fly’s head and focused in the facets of the eye, individual photoreceptors can be seen because of their ability to pipe light. The wild-type animal has the normal pattern of seven photoreceptors visible in each facet. The small one in the center is photoreceptor R7. (B) The same technique used in a sevenless mutant shows only the six large photoreceptors R1–6 in each facet. R7 is missing. Insets show electron micrographs through single facets.

FIGURE 14.10 Clones of cells in the Xenopus and zebra fish retina. (A top) Daughters of a single retina progenitor in Xenopus injected with horseradish peroxidase are seen to form a column that spans the retinal layers and contributes many distinct cell types, (A bottom) p, photoreceptor; b, bipolar cell; m, Muller cell; a, amacrine cell; and g, ganglion cell. (B) Time-lapse images of an RGC progenitor in zebra fish dividing at the apical surface of the retina to produce two cells one of which (yellow) becomes an RGC. (C) A similar RGC progenitor in a mutant retina where there are no host RGCs because it is mutant for the ath5 gene. This cell divided to produce two daughters, both of which become RGCs (arrows point to emerging axons).

FIGURE14.11 Vertebrate retina development. (A) The neural retina bulges out of the ventral neural tube at the level of the diencephalon. It is joined to the brain by the optic stalk along which the axons of retinal ganglion cells will course on their way to the tectum. (B) The seven major cell types in the retina coded by color. Their laminar arrangement by cell type is evident. (C) Birth dating studies in the retina show that different cell types are born in different but overlapping periods of development. (D) When early generated retinal precursor cells (labeled by a pulse of BrdU) are mixed with older cells in culture, they show an increased probability of turning into late cells, such as rods. (E) Development of the retina. Schematic section of retinal neuroepithelium at three different stages (early: left; late: right). Dividing retinal progenitors (purple) produce different cell types depending on the developmental stage. Differentiation inhibitors (Dl) released from postmitotic neural precursors inhibit retinal progenitors from producing more ganglion cells. Postmitotic cells also secrete differentiation factors such as GDF which limit the time window during which postmitotic cells can become retinal ganglion cells. (F) Expression and function of Dl in the developing retina. Left panel: expression of Dl in postmitotic neural precursor; dividing progenitors of the ventricular layer (arrow) or differentiated neurons of the basal mantle layer (green) do not express Dl. Middle: Loss of Dl results in increased number of early-born retinal cells (retinal ganglion cells), at the expense of undifferentiated retinal progenitors. Right: Overexpression of Dl causes the opposite phenotype.

FIGURE 14.12 Specification of neurons in the vertebrate spinal cord. (A) Schematic cross section of the mouse neural tube. Shh protein (red) is released ventrally from the notochord and floor plate (black cells). It forms a gradient with high concentrations ventrally and low concentrations dorsally. BMPs and other TGF-B-related molecules are released from the dorsal epidermis and dorsal neural tube to form an opposing gradient. These opposing gradients lead to the expression of Nkx6.1 (blue) ventrally, Pax6 (green) medially, and Pax3/Pax7 (dorsally). These expression patterns are refined further (see C) and they contribute to the subdivision of the ventricular zone (inner band of cells) into eleven distinct progenitor domains (pd1–pd6 and pV0–pV3). (B) A Shh gradient (red) in the ventral half of the neural tube establishes the expression domains of the class I and class II homeodomain genes (see text for details). This in turn leads to the development of five ventral progenitor domains that give rise to V0, V1, V2, MN, and V3 neurons. Cross-repressive interactions between class I (gray) and class II (black) homeodomain genes establish the boundaries between these progenitor domains. (C) Representative cross section through the mouse spinal cord at E11.5 showing the primary classes of neuron that are generated in the embryonic spinal cord. Neurons that arise ventrally (dI6–V3) are thought to become components of the spinalmotor circuitry, while more dorsal cell types (dI1–dI5) contribute to the reception and transduction of sensory information from the body.

FIGURE 14.13 Genetic control of neuronal cell types and neurotransmitter phenotype in the dorsal spinal cord. (A) Six early (dI) and two late (dIL) populations are generated in the embryonic spinal cord. dI1–3, dI5, and dILB neurons are excitatory glutamatergic neurons (red), and dI4, dI6, and dILA differentiate into inhibitory cell types (blue). From left to right: In Lbx1 mutant mice, Class B neurons fail to form, and cells are converted to Class A fates. Excess dI2–dI3 glutamatergic cells are generated. In Ptf1a mutant mice, dI4 and dILA interneurons transfate to glutamatergic dI5 and dILB neurons. This results in the complete loss of inhibitory neurons in the dorsal spinal cord and an excess of excitatory neurons. In Tlx1/3 mutants, dI3, dI5, and dILB excitatory interneuron formation is impaired, and there is a concomitant upregulation of GABA-ergic markers. Mutant dILB cells (*) maintain Lmx1b expression, but they switch to an inhibitory phenotype. In Pax2 mutants, inhibitory neuron markers are lost, but dI4/dILA neurons do not adopt the identity of excitatory dorsal neurons. (B) Model for the specification of excitatory or inhibitory transmitter phenotype in the dorsal spinal cord. Crucial genetic interactions occur in early postmitotic neurons between HD and bHLH transcription factors. Gain or loss of these factors produces a fate switch, with additional factors such as Pax2 operating in postmitotic neurons to consolidate the neurotransmitter program.

FIGURE 14.14 Establishment of motor neuron identity along the antero-posterior axis of the spinal cord. (A) Polarized expression of FGF and retinoic acid (RA) is responsible for the regionally specific expression of Hox genes along the antero-posterior axis of the neural tube. In addition, inhibitory interactions among the Hox genes themselves sharpen the boundaries within which a given Hox gene is expressed. Hox genes are differentially expressed along the AP axis of the spinal cord and function in conjunction with the forkhead domain gene FoxP1 to establish motor neuron columnar identity. Motor columns are patterned in a manner that corresponds to the arrangement of their targets at brachial, thoracic, and lumbar levels. The MMC innervates muscles of the body wall and therefore extends along the length of the spinal cord. The LMC innervates limb muscles and is present at brachial and lumbar levels. The HMC and PGC innervate muscles of the body wall and autonomic neurons of the sympathetic ganglia, respectively, at thoracic levels. (B) MNs acquire columnar identity based on differential expression of Hox6/9/10 and FoxP1 off/low/high along the AP axis. In FoxP1 mutants, MNs assume MMC or HMC fates along the entire AP axis and other motor columns do not form. (C) Proposed model of the genetic specification of MN progenitors in lumbar cord. The actions of FoxP1, Lhx3, and retinoic acid (RA) establish the combinatorial expression profiles associated with each of the motor columns in lumbar spinal cord. (D) The motor column is subdivided into pools of motor neurons innervating specific muscles. These pools, including the Tri motor neuron pool and the CM motor neuron pool, occupy discrete locations in the ventral horn of the spinal cord and show distinct dendritic branching patterns. These properties, which depend on the expression of specific transcription factors such as the LIM gene PEA3, can be visualized by backfilling the motor neurons with fluorescent labels injected in the corresponding muscles. (E and F) Two different markers visualize the dendritic arborization (E) and cell body position (F) of the Tri motor neurons (green) and CM motor neurons (red). (G and H) Knockout of the PEA3 gene results in ventral shift of CM motor neuron location, and dorsal expansion of Trimotor neuron dendrites. (I) Reflex circuits between sensory afferents (from muscle spindles) and motor neurons innervating the corresponding muscle are formed because both spindle afferents and motor neurons targeted by them express a common transcription factor, such as ETS ER81 shown here. Among the downstream targets of ETS ER81 are homophilic adhesion molecules that allow the ingrowing sensory axon to “recognize” the proper motor neuron target. Abbreviations: MMC, median motor column; LMC, lateral motor column; HMC, hypaxial motor column; PGC, preganglionic autonomic motor column; RA, retinoic acid. A–C adapted from Dasen et al. (2008); Rousso et al. (2008). E–H adapted from Vrieseling and Arber (2006).

FIGURE 14.15 Specification of motor neurons in the Drosophila ventral cord. (A) Neuroblast map of two embryonic segments, showing in color the subset of neuroblasts that give rise to motor neurons. (B) Schematic flattened view of one body segment, showing in different colors the pattern of body wall muscles and motor neurons innervating these muscles. The specific motor neuron(s) innervating each of the 30 muscle fibers comprising the musculature has been mapped. Motor neurons are color coded such that their color matches the one of the neuroblast from which it descends (see A) and the muscle it innervates. As in vertebrates, distinct groups of motor neurons are specified by expressing transcription factors of the LIM and POU family. Shown here and, photographically, in panel C are the RP neurons, expressing the combination Isl, Drf, and Lim3, and the transverse nerve (TN) motor neurons that express only Isl and Drf. Mutations in any of these genes result in motor neuronal abnormalities. B from Certel and Thor (2004).

FIGURE 14.16 Laminar fate determination in the cerebral cortex. (A) Morphogenesis of the mammalian cerebral cortex. Neural precursors are born in the ventricular layer and migrate away from the ventricular surface, following tracks provided by radial glial cells. The firstborn cells are the Cajal-Retzius neurons (left in figure). Later-born neurons accumulate in a dense matrix of cells, the cortical plate (middle of figure). In this plate, neurons are ordered by birth date in such a way that older neurons (magenta) remain in deep layers, and younger neurons (blue) migrate through the deep layers to attain a superficial position (right in figure). (B) Top: If postmitotic ventricular cells from young donors (which normally would become deep cells) are transplanted into an old host, they do not adapt to their new environment and develop as deep layer neurons (arrow). However, if ventricular cells that have not yet exited the cell cycle are transplanted from young donors into an old host (middle panel), they adapt to their new environment and develop as superficial neurons (arrow). If, on the other hand, premitotic progenitors from old donors are transplanted into young brains, they can take later fates and become upper layer neurons. (C) Migration route of GABAergic interneurons from the ganglionic eminences in the ventral telencephalon into the cortical plate in a mammalian embryo.
