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Please type all your answers and make sure you do your work on your own and that your answer sheet has your name as well. Please staple everything before you hand it in. MAKE SURE YOU ANSWER ALL PARTS OF THE QUESTIONS
1. [bookmark: _GoBack](25 Points total) Retinoic Acid (RA) is a molecule derived from Vitamin A. It is not a protein or encoded by a gene. Retinoic Acid binds to a nuclear receptor and then changes the transcription of target genes by binding to a promoter sequence, the RARE, present in all target promoters. See below:
When gastrula stage frog embryos are treated with high levels of RA, they typically show defects and deficits in anterior nervous system structures.
a. What can you conclude is the function of RA in nervous system development from the above results? (5 points)
It’s involved in differentiation of different types of glia and neurons in which it activates the gene transcription that is responsible for encoding various factors of transcription which includes, a structural protein, cell signalling molecules, cell surface receptors and enzymes. This capability is paramount in that it aids in the induction of the stern cell differentiation to the neural cell types, which could have been utilized for the therapeutic transplantation process. 
It’s important in patterning and differentiation during embryo development. It’s involved in patterning of the dorsoventral axis of the neural tube.  It’s also involved in the regulation of the plasticity and regeneration in the adult brain. It is also combined with cytoplasmic proteins, and catabolic and synthetic enzymes to create regions of low and high Retinoic Acid in order to modulate the transcription of genes. 
It’s important in signalling in both autocrine and paracrine manner.
Nevertheless, it’s essential in stimulating the regenerative responses without directly acting on the neuron. 
b. How would you ask whether endogenous RA is required for posterior nervous system development? Suggest a plausible experiment based on the above information (remember that RA is not a protein.) Describe your positive controls and negative controls and the purpose of those controls. Describe the most likely outcomes of your experiment. (20 points)
Control of the experiment is important in that it ensures that the results are in accordance with the variables that are being tested. Positive control tests the experiment by comparing it with something whose effects are known. The negative control is administered by comparing the experiment with something that is known to have no effects. 
For instance, while doing a genetic project with PCR, which is a process that amplifies genes that are desired, Primers molecules can be used to select the portion of DNA that needs to be amplified. As I was doing this experiment, I designed primers for the desired genes, but I had to evaluate whether they were working. In this experiment, I used water in place of DNA as my negative control and used a set of standard primers that I was aware they amplified other genes for my positive control. 
The researches that have been carried out in amphibian embryos have indicated that Retinoic Acid (RA) functions as a signal that facilitates posterior differentiation of the nervous system which is suggested activation-transformation model for the ante-posterior patterning of the nervous system. 
RA is important in growth in that it controls growth by activating a specific receptor which are members of the family of the nuclear receptor of the regulators of transcription. It functions on controlling growth and differentiation of embryonic central nervous system. Although there adult CNS has less capability to change compared to the embryonic CNS, neural plasticity still exists, which is a limited amount of flexibility. Neural plasticity is highly needed in the hippocampus region of the brain in order to function in the storage of information and learning. 
2. (25 Points total) Morphogens in development are signalling molecules that emanate from a restricted region of tissue and spread away from their source to form a concentration gradient. They act on cells directly to induce distinct cellular responses, such as inducing neural plate formation. In a recent transcriptome screen, a newly discovered gene called Not Really a Gene (NRG) was found to be expressed just prior to neural plate induction in chicks. In situ hybridization confirmed that the NRG gene is turned on in the underlying mesoderm at that time.
a. From the data above, can you conclude whether NRG is really a morphogen? Why or why not? (5 points)
NRG is not a morphogen though it resembles a morphogen process. NRG was built to induce cell in order to have cell signalling, morphogen, on the other hand, are utilized during the development of signalling molecules. 
b. Your professor tells you that he needs some preliminary data because he is submitting a grant on NRG and early morphogen activity. Describe at least two experiments you can run that will give definitive evidence that supports NRG as a morphogen in early neural induction. In other words, what are some experiments that show NRG acts in a concentration-dependent manner and act directly on cells to induce a neural fate? (20 points)
Experiment 1 Dorsalization of the mesoderm and the neural induction by Spemann’s organizer in the process of gastrulation. 
During this experiment, the dorsal lip of the blastopore which is transplanted to the opposite of embryo. The host cells then organize them forming secondary body axis which that contains complex structures and several histotypes. The small region of the gastrula is utilized in cell signalling to isolate new molecule. Synthetic mRNA is injected to the ventral side of the embryo so as to identify a single gene. 
Experiment 2 Head Induction method: Dickkopf
in this experiment, 150 synthetic mRNA is injected into the BMP receptor that is truncated. The new gene is then expressed in a prechordal mesoderm and complete axes or induced large heads (trunk+head).
3. (25 points total) In classic “transplant” experiments, the future neural plate (nervous system) of a frog embryo was moved from its usual dorsal position to the ventral region of a host embryo. The host and donor embryos were either at the early gastrula or late gastrula stage when the transplant was performed and all were examined when embryos reached the mid-neurula stage

When the future neural plate of an early gastrula donor is transplanted, it develops as non-neural tissue (epidermis) on the ventral side of the host. However, when the future neural plate of a late gastrula donor is transplanted, it develops as a second neural plate on the ventral side of the host, as diagrammed below.  
a. In order to perform this experiment, a researcher would need to know which piece of tissue is going to give rise to the neural plate. How would you determine this? (5 points)
It can be determined by injecting a Vital dye to the blastula stage embryo. It will later become a neutral plate. This experiment is called fate mapping experiment. 
b. What are two hypotheses that could explain the above results? (5 points)
The first hypothesis to explain this is that there might have been early gastrula epidermis which hinders the first gastrula neutral ectoderm from becoming second neutral plate, and the last gastrula epidermis lost the ability to prevent the last gastrula neutral ectoderm from forming neural plate.
The second hypothesis is the early gastrula neutral ectoderm was not determined as a neural plate. 
c. Eschaton is expressed in the late gastrula stage neural plate. Describe an experiment to test the correlation of Eschaton expression with the ability to form a neural plate (note: I did not say induce neural plate formation). (5 points)
Use probe for Eschaton on both early and late gastrula stage embryo to perform in situ hybridization experiment. 
d. Describe a result that is consistent with this correlation and a result that would be inconsistent with this correlation. (5 points)
Eschaton is expressed in the neural ectoderm of both early and last gastrula stages. When monitoring protein that is expressed by the immunocytochemistry, then this consistency would have been stronger. 
e. You suspect that Eschaton is required for neural plate formation. To test this, you try a loss of function approach. Describe this experiment and the main result that would be consistent with your hypothesis. (5 points)
Injecting antisense oligonucleotide to the Eschaton protein in the dorsal side of the early embryos.  The consistent results will be, neural plate not forming in injected embryos. 
The inconsistent result will be, the formation of the neural embryo will occur and normal development of the injected embryos will be noticed. 
4. (25 points total) A novel inhibitor of Notch signalling was found recently called Botch (Blocker of Notch). Downregulation of Botch leads to more Pax6+ radial glia in the ventricular zone and overexpression of Botch leads to a greater number of Tbr1+ cells in the cortical plate during cortical neurogenesis
a. Many neural proteins could give the same results as those above. Design an experiment that demonstrated that Botch directly inhibits the Notch signalling pathway. (10 Points)
Experiment: consider cancer cell lines. Transfect the cells with full-length notch and the response element-luciferase reporter in expressed vector and distinct concentrations of a Botch expression construct. Culture the cell at the required time period and co-culture it with a ligand articulating cell. After the maturity of the required time, test for the luciferase activity. Positive control like DAPT, that is known to prevent Notch signalling and then mock the control with a no inhibitor. 
The results: Botch will inhibit the activation of the response element-dependent Notch1 activity significantly in a dose-dependent means, thus showing a reduction in luciferase activity thus suggesting that it is responsible to inhibit the Notch signalling pathway. 
b. Some studies have shown that Notch signalling promotes S phase entry in addition to promoting self-renewal. If Botch inhibits Notch, formulate a hypothesis as to how Botch expression could affect cell cycle entry. Design an experiment to test that hypothesis and clearly explain your results. (15 points)
Experiment: use cell lines of the suspension or adherent cells that are transferred with full-length Notch genes in the concentration culture that is increasing the cells for the required time period and then co-culture it with Notch ligand-expressing cells. Utilizing the propidium iodide dye, prepare the cells for the cell-cycle analysis and then do a FASC test to determine the number of cells in different phases. Prepare a separate experiment using Botch of the same concentration as the Notch used and do the same cell cycle analysis. 
Results: in the distinct experiment, there will be an increased number of cells in a S-phase in a dose-dependent way and in second, the inhibition of the botch is the one making the cells to be in an S-phase in both more or less concentration. Thus, Notch is the one responsible for triggering the S-phase of the cell cycle. 





