
1. Overarching “core” concepts that developmental biologists employ to explain embryogenesis: the Developmental Biologists’ Conceptual Toolkit

Students should be able to explain each of the concepts, identify examples from a range of organisms and stages, analyze data regarding the governing mechanisms, and design experiments to solve novel problems related to the following concepts:

· 1a. Development is characterized by generation of progressive, stepwise complexity. 

· 1b. Development is generally characterized by a loss of totipotency and pluripotency, and a progressive restriction in cell fate. However, there are significant “exceptions” to progressive fate restriction: plant cells, stem cells, germ cells, cancer cells, and experimental reprogramming. 

· 1c. Development involves a series of symmetry breaking events, both within individual cells and among groups of cells. 

· 1d. Development entails specification, determination, and differentiation of different cell types. 

· 1e. Embryos undergo axis formation, pattern formation, and morphogenesis. 

· 1f. As they develop, organisms continually interface with and respond to environmental cues at the molecular, cellular, and organismal levels (eco-devo). 

· 1g. Modifications of existing genes regulating developmental processes can lead to novel features and structures; there is broad conservation of many developmental genes (and pathways) based on common descent and recruitment of gene/pathways to new functions (evo-devo). 

· 1h. Developmental biology has numerous applications to clinical medicine, agriculture, biotechnology, bioengineering, public policy, and environmental impact. 

2. Basic Mechanisms of Development: the Embryo’s Toolkit 
Students should be able to explain each of the following developmental mechanisms, identify examples from a range of organisms and stages, describe how it interfaces with the overarching core concepts, and analyze or design experiments to test novel problems for the following concepts: 
· 2a. Localized determinants followed by cell division serve as a mechanism for generating asymmetry. 

· 2b. Cell cycle regulation, control of cell size, and apoptosis/cell death are key regulators of growth, shape, and pattern. 

· 2c. Induction via a range of signal transduction mechanisms and pathways allow one group of cells to change the fate of other cells. 

· 2d. The ECM and cytoskeleton regulate pattern, movement, and morphogenesis. 

· 2e. Through graded responses and thresholds, morphogen gradients generate pattern. 

· 2f. Differential gene expression at all levels (transcriptional, post-transcriptional, translational, post-translational) mediate progressive acquisition of cell fate. 

· 2g. Both genomic and epigenetic changes can modify the transcriptome of a cell. 

· 2h. Differential cell adhesion, attraction, and repulsion result in morphogenetic changes. 

· 2i. Negative and positive feedback loops affect multiple levels of gene regulation. 

· 2j. Signaling and gene expression are regulated in a combinatorial fashion and via extensive interacting networks. 

3.How We Know: the Developmental Biologist’s Experimental Toolkit 

Much of developmental biology aims to discover cause-and-effect relationships within the changing organism. Experimental techniques typically produce correlative, gain-of-function (to show sufficiency), or loss-of-function (to show necessity) evidence, and all three are important to demonstrate causality. 

Students should be able to explain the various techniques and provide examples of how the use of these techniques provides evidence that supports the various mechanisms, core concepts and developmental processes in different model organisms. Students should be able to interpret, critique experiments in the literature and to design properly controlled experiments employing these techniques. They should also be comfortable with accessing and querying databases (ENCODE, organism-specific databases, genome, NCBI tools, esp. DCODE) that report results of the following techniques:
3a. Observational Techniques

   3a1. Microscopy and imaging 

·    3a2. Fate mapping / lineage tracing 

· 3b. Tissue/Cell Manipulative Techniques 
   3b1. Explants 

   3b2. Transplants 

   3b3. Ablation 

3c. Gene Expression Analysis:

   3c1. At the genome level: DNA next-gen sequencing; ChIP(ChIP)

   3c2. At the RNA level: In Situ Hybridization, RT-PCR, Microarray Analysis,
Transcriptome analysis, promoter:reporter gene fusions, RNAseq

·    3c3. At the Protein level: Immunohisto(cyto)chemistry; Western blots, Mass
spectrometry, fusion proteins 

3d.Functional Analysis:

   3d1. Genetic screens (mutagens, chemical) 

   3d2. Gain of Function: Knockin / transgenic technologies, Microinjection,
Pharmacological approaches 

·    3d3. Loss of Function: Knockout / transgenic technologies, RNAi, Morpholino
knockdown experiments, Pharmacological approaches 

· 3e. In silico, computational approaches, mathematical modeling 

4. What we know: Comparative and temporal analyses of development

a. Development by Stage 

For each of the following stages, students should be able to provide a general description of the similarities and differences that characterize that particular stage at the molecular, cellular and organismal level in a range of animal model systems (and plants). Students should be able to identify conserved genes/pathways and evolutionary constraints. Students should be able to synthesize the following information in order to critically analyze data and design experiments to solve novel problems in the field. 

· 4a1. Germline development 

· 4a2. Fertilization 

· 4a3. Cleavage 

4a4. Elaboration of the Body Plan 

   4a4i. Gastrulation 

·    4a4ii. Neurulation 

4a5. Organogenesis 

·    4a5i. Ectoderm derivatives

   4a5ii. Mesoderm derivatives

   4a5iii. Endoderm derivatives 

· 4a6. Post-Embryonic Development 

· 4a7. Senescence 

b. Development by Organism 

Students should be able to provide a brief synopsis of development in each of the major model systems. Furthermore, students should be able to evaluate the strengths and limitations of each model system to justify the use of one over another to address a particular biological question. 

· 4b1. Arabidopsis 

· 4b2. C. elegans 

· 4b3. Chick 

· 4b4. Drosophila 

· 4b5. Human 

· 4b6. Mouse 

· 4b7. Planaria 

· 4b8. Sea Urchin 

· 4b9. Xenopus 

· 4b10. Zebrafish 

· 4b11. Other (e.g., Sea squirt)

