AP 6.6 and 6.7 Gene Expression Study Guide
Summary
Gene expression is a tightly regulated process that determines the functional identity and physical characteristics of a cell or organism. This regulation is achieved through complex interactions between regulatory DNA sequences and proteins, reversible epigenetic modifications, and the activity of small RNA molecules. The coordination of these systems allows for differential gene expression, which is the foundation for cell differentiation, sequential development, and the manifestation of specific phenotypes. Key regulatory mechanisms include the use of inducible and repressible operons in prokaryotes and the shared use of transcription factors in eukaryotes. Ultimately, the phenotype of an organism is a direct consequence of the specific combination, function, and concentration of the gene products expressed.
This study guide provides a comprehensive review of the mechanisms governing gene expression, the role of regulatory sequences, and the resulting phenotypic effects in both prokaryotic and eukaryotic organisms.

Key Terms

Cell Differentiation
Constitutively Expressed
Coordinate Regulation
Differential Gene Expression
Enhancer Sequences
Epigenetic Changes
Inducible Genes
Negative Regulatory Molecules
Operon
Phenotype
Promoter
Regulatory Sequences
Transcription Factors
Upstream/Downstream



A. Foundations of Gene Expression Regulation

1. Explain how gene expression is controlled within an organism. 



2. Explain the role of regulatory sequences and proteins in controlling gene expression.



3. Explain the difference between constitutive expression and inducible expression.
Constitutive Expression: 

Inducible Expression: 

4. Explain the role epigenetic modifications play in controlling gene expression.




B. Coordinate Regulation Across Species

5. Both prokaryotes and eukaryotes possess mechanisms to regulate groups of genes simultaneously, though the methods differ by biological domain. Complete the following table which describes the methods and control mechanisms.
	Feature
	Prokaryotes
	Eukaryotes

	Primary Mechanism
	

	

	System Types
	

	

	Control Method
	

	



C. The Transcription Initiation Complex
6. Discuss the formation of the transcription initiation complex and the role it plays in gene expression. The initiation of transcription is a critical checkpoint in gene regulation, involving the recruitment of various molecules to specific DNA regions.
Binding and Localization

Promoters and Enhancers: 

Spatial Flexibility: 


7. Explain how negative regulation plays a role in controlling gene expression. 

D. Phenotypic Determination and Cell Differentiation

8. Describe the goal of gene expression and what is accomplished by doing so.




9. Explain how cell differentiation and development are controlled by altering gene expression.
Tissue-Specific Proteins: 

Sequential Expression: 

E. Determinants of Phenotype

10. Explain the two factors that influence the phenotype of an organism. 



F. Non-Protein Regulator

11. List and describe some non-protein regulators that can influence gene expression and how they might do so.



Practice Short-Answer Quiz
Instructions: Answer the following questions in 2-3 sentences based on the information discussed in class.
1. What is the difference between constitutive and inducible gene expression?
2. How do regulatory sequences and regulatory proteins interact to control transcription?
3. In what ways can epigenetic changes affect how genes are expressed?
4. What determines the specific phenotype of a cell or an organism?
5. How does the induction of transcription factors contribute to the development of an organism?
6. How do prokaryotes and eukaryotes differ in their methods of coordinate gene regulation?
7. Describe the role of RNA polymerase and transcription factors in initiating transcription.
8. Where can promoter and enhancer sequences be located in relation to the transcription start site?
9. What is the function of negative regulatory molecules in gene expression?
10. What role do small RNA molecules play in cellular regulation?
Practice Essay Questions
Instructions: Use the principles of gene expression and regulation to provide 3 to 5 sentence responses to the following prompts.
1. Analyze the relationship between gene regulation and the resulting phenotypic differences observed in various cells and organisms.
2. Explain how the coordinate regulation of genes allows an organism to respond efficiently to internal and external environmental changes.
3. Discuss the significance of reversible modifications, such as those found in epigenetic changes, in the context of long-term cellular function and differentiation.
4. Compare and contrast the mechanisms of positive regulation (initiation via transcription factors) and negative regulation (inhibition via regulatory molecules).
5. Describe the process of cell differentiation, focusing on the roles of tissue-specific proteins and the sequential induction of transcription factors.
