MCDB 4650 DEVO – Course Review Questions (looking back and forward
1. How would you define an animal?
2. How is quorum sensing in bacteria similar to and diﬀerent from a morphogenic gradient in a metazoan?
3. When thinking about cellular signaling processes, what are the implications of the cell theory?
4. Under what conditions is it possible for social cheaters to arise?
4b. Provide an example of a social cheating behavior in a
multicellular eukaryotic organism and explain why, exactly,
it is cheating?
4c. Provide an example of a social cheating behavior in
human society and explain why, exactly, it is cheating?
4d. What processes can be used to limit / control / remove
social cheaters? how do cooperative populations and
organisms defend themselves against cheaters?
5. How are cells inherently asymmetric?
5b. Describe the diﬀerences between inherent molecular
asymmetries and overall cellular asymmetries and consider
their implications in the context of embryonic development.
5c. Over and above internal asymmetries, how can cellular
asymmetries be generated?
6. How are early asymmetries generated in Drosophila, C. elegans, Xenopus, and mouse (and presumably
human) embryos?
7. What features are present (and essential) in all molecular machines?
8. Contrast the half-life of a radioactive isotope (atom) and the half-life of a molecule within a cell. How are
they the same, how are they diﬀerent?
8b. What can lead to a change in the half-life of an isotope atom versus a biological molecule?
8c. What factors influence the concentration of a biological molecule in a cell?
9. How is a polypeptide diﬀerent from a protein?
10. What factors would you consider to decide whether a particular sequence of DNA was a gene?
10b. How would you use mutations to test your prediction?
10c. How might gene organization be used to control gene expression?
10d. What factors would you consider to decide whether an RNA encodes a polypeptide? How would
you test your prediction?
10e. How can diﬀerent, but related polypeptides be produced from the same gene?
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11. What is meant by evolutionary “costs and benefits”? Why aren’t organisms perfect?
12. What types of bacterial processes can benefit from quorum sensing control and why?
12b. How can cells control who is included in their quorum group?
12c. What, if anything, are the benefits of stochastic decision making? What features of the system
insure that the process is stochastic. Consider a specific case, such as the lac operon, or make up your
own.
12d. Under what condition does “altruistic self-sacrifice” make biological (evolutionary) sense?
13. What kind of behavior(s) emerged in Chlorella vulgaris in response to the predator Ochromonas vallescia?
(Borass et al paper)
14. What is meant by the terms homolog, ortholog, paralog, and convergence?
15. How do new genes arise? What is the role of gene duplication?
What are the possible fates of a newly generated gene?
16. What is a null mutation? how can a null mutation have a genetically dominant eﬀect?
16b. Under what conditions can a mutation generate a dominant negative (anti-morphic) eﬀect?
16c. Describe a plausible mechanism by which a point mutation could lead to a change in the timing or
pattern of gene expression. Given what you (now) know about embryonic development, how can such a
mutation influence the formation of an embryonic tissue (e.g. the limb).
17. Sperm entry in Xenopus leads to a new, microtubule-based asymmetry; what is it about microtubules that
allows for that asymmetry to develop?
18. What exactly is meant by ectopic expression and how is it done?
19. How, basically, could the expression of Myo1D lead to a change in left right asymmetry in an embryo?
20. What is meant by the term “chimera” in relation to a polypeptide or a gene? How is it possible that a
chimeric polypeptide retains “wild type” functions?
21. How can a morpholino influence gene expression?
21b. What determines the specificity of a morpholino?
How is this similar or diﬀerent from the mechanism that
determines the specificity of CRISPR CAS9
mutagenesis.
22. What is going on (what is described) in this picture (→).
What would you need to know in order to be able to
predict the behavior of the system? Which genes are
not shown in this figure? What proteins are implicitly
assumed to be present, but are not shown?
22b Which interactions might be cooperative?
22c. How would a null mutation in the gene encoding
TF1 influence the synthesis of TF2?
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23. How would you go about determining how many enhancers a particular gene has?
24. Besides diﬀerences in the rate of mRNA synthesis, what other ways might you get a protein gradient?
25. We give you a TF sequence logo, how would you the rank binding aﬃnities of various sequences?
25b. In a similar way, we show you the sequence conservation of
homeobox proteins, how would you predict, from the sequence of a
particular protein’s homeobox region, whether it will bind specifically to
a DNA sequence?
26. What factors might influence the behavior (response) of cells at various
positions along a morphogen gradient?
27. What characteristics of an organism would you use as a reasonable
measure of complexity?
27b. Does complexity always increased with evolutionary time? Are
modern organisms necessarily more complex than long extinct
organisms? Explain your reasoning.
28. You are told that a gene is “essential”; what is the eﬀect of a null
mutation in that gene? Does the phenotype become visible before or after reproduction?
29. How might you prove that genes are not lost during embryonic development in most organisms? Why are
genetic markers necessary for such an experiment?
30. Why are genetic markers needed to characterize the ability of a nucleus from a diﬀerentiated cell to
generate a normal embryo (adult)?
31. How are the early blastomeres of a Xenopus (or Drosophila or C. elegans) embryo diﬀerent from those of
an early mouse (human) embryo.
31b. How might you demonstrate that the blastomeres of an 8 cell mouse embryo are totipotent.
32. In broad terms, how are early embryonic axes determined in Xenopus (Drosophila, C.
elegans) compared to mouse and other placental mammals.
33. How would you determine whether blastomeres in Xenopus or mouse are uniquely
determined as the are in C. elegans.
34. How could a gene have more than one activity? Provide an explanation for how
diﬀerent mutations in the same gene could produce diﬀerent phenotypes.
35. If the Drosophila embryo developed as does the mouse
embryo, predict whether Wieschaus and NussleinVolhard’s screen would have produce similar or diﬀerent
phenotypes - what types of phenotypes would you
predict and why?
36. Is it possible for a maternal eﬀect gene to be genetically
dominant? explain how.
37. Using a graph of total mutations isolated and the number of genes identified, explain how you would
decide whether a mutational screen had reached saturation.
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38. What is the “simplest” type of homeotic mutation you could imagine in a mammal, what would be the
phenotype and the molecular basis of the eﬀect.
39. Explain what it is about the C. elegans embryo that makes identifying mutations involved in apoptosis
easy to identify.
40. How does the process of compaction and subsequent cell division influence the diﬀerentiation and
totipotency of cells in the mouse embryo?
40b. Assume you identify a mutation that blocks cell-cell adhesion (e.g. a mutation in a cadherin or betacatenin); predict its possible eﬀects on compaction and subsequent development.
41. How is the migration and diﬀerentiation of neural crest cells influenced by factors involved in the
patterning of the anterior-posterior and dorsal ventral axes of the embryo?
41b. How would you expect neural crest cells arising at diﬀerent
anterior-posterior levels of the embryo to vary molecularly.
41c. What possible roles might the rest of the developing embryo
play in the migration and diﬀerentiation of neural crest cells?
42. What systems are active in neural tube specification and patterning.
more to come (for the last section of the course).
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