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Developmental Neurobiology Exam
Question 2 & 4

Question 2
(a) The outcome of the transplant experiment or the conclusion by the grad student was incorrect. Apparently,  the neurulation is the primary embryonic induction, in which formation of the dorsal lip is formed at the ectoderm layer in the developing embryo. The motor neurons present in the spinal cord are a consequence of the expression of cell determinants, especially by endogenous embryonic induction. There are different intrinsic signaling molecules (transcription factors) that regulate the pathways for the formation or differentiation of cell and for the generation diverse motor neurons. 
In the case of motor neurons of the spinal cord, they innervate differently for the target muscle due to expression of a specific gene i.e. transcription factors rather than being influenced by the environment. Furthermore, for the motor neurons to innervate normally the cells that form them must each locate their apposite partners; the location of a neuron and the profile of its axonal and dendritic extensions are thus essential aspects of its identity (Santiago and Bashaw, 2014). Analysis of the genetics of neuronal connections in embryos indicate that the initial pattern of these connections is intrinsically determined with specific transcription factors being fundamental in cell migration, dendrite branching, axon guidance, and synaptic partner selection.
b) Therefore, for better evidence, it is imperative to study the molecular pathway. For this, the combined effect or mode of action of specific transcriptional factors along with isolated motor neurons (embryonic or postnatal tissue) is studied. The neural diversification of spinal cord motor neurons and their relation with the targeted peripheral neurons or muscle will be studied. This will help to analyses the intra-neural system and their programmed specificity (Bonanomi and Pfaff, 2010). The gene expression profile (transcription factor) and the role of the specific markers are the basis of study to confirm whether motor neurons have intrinsically (epigenetic) or extrinsically (environmental) determined fates. The following is an experiment to get the appropriate results for the study objectives.
Experiment
In the experiment, two types of motor neurons from a mouse embryo will be used. The first type will be the wild types whose genes have not been modified while the second will involve a mutant type whose genes for transcription factors Isl1, Nkx6.1 and Lhx3 have been silenced through methylation. These transcription factors are typically expressed in all motor neurons whose axons exit the spinal cord ventrally. The two kinds of the motor neurons, the wild type, and the mutant type are then transplanted into the primary motor cortex of two identical postnatal mice pup. The muscle innervation of the motor neurons in the two animals is then probed and the results analyzed statistically to ascertain the significance.
Expected results
If the results for muscle innervation will not be statistically significant, then the fate of motor neurons is determined by extrinsic factors. Therefore, intrinsic factors do not play a role.
If the results for muscle innervation are statistically distinct in the two test animals indicating more innervation in the wild type than in the mutant type, then epigenetic factors are crucial in the determination of the motor neurons fate. It indicates that transcription factors are the determiners of muscle innervation and their silencing corresponds to poor or failed innervation.
Question 4
All cell populations are tightly regulated not just the neural stem cells. This is done by controlling cell division and cell death. Cells that are no longer essential to the body must be eliminated through programmed cell death or digestion by lysozyme. During the development of the nervous system, more than half of the neural stem cells die soon after being formed. This is necessary to balance the number of nerve cells with the target cells that need innervation. This balancing of the neural cells needs in the body improves the functional capacity of the nervous system. The neural stem cells are also available for nerve regeneration in the event that a particular body part loses innervation. For normal development of the central nervous system, there must be sequential differentiation of multipotent stem cells into specialized neurons. To facilitate this, the number of neural stem cells, their proliferative capacity, and their self-renewal ability must remain under control. Apoptosis of these cells is essential to control hyper proliferation of the brain tissue during embryonic brain development (Sommer and Rao, 2002). 
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