D2.2 Gene Expression Study Guide
Summary
Gene expression serves as the fundamental link between an organism's genetic information and its observable phenotype. This process is primarily managed through transcription, translation, and the subsequent activity of protein products. Crucially, gene expression is not a static process; it is highly regulated by various internal and external factors.
This document explores the mechanisms of transcriptional and translational control, the role of epigenetics in cellular differentiation, and the inheritance of epigenetic tags. Key findings indicate that while the genome of a multicellular organism remains constant across cells, the transcriptome and proteome vary significantly, driving cellular specialization. Furthermore, environmental factors—ranging from air pollution to biochemical signals—can alter gene expression patterns without modifying the underlying DNA sequence. These epigenetic changes can, in some instances, be preserved through cell division and passed to offspring, challenging traditional views of inheritance.
This study guide focuses on the mechanisms and regulation of gene expression. It covers the processes that control transcription and translation, the role of epigenetic modifications, and the impact of environmental factors on the cellular phenotype.

Key Terms
Enhancer
Epigenesis
Epigenetic Tag
Genome
Histone
Methylation
Nuclease
Promoter
Proteome
Transcription Factor
Transcriptome

A. Fundamental Mechanisms of Gene Expression

1. Provide a working definition of gene expression by explaining what it is and what it accomplishes.







B. Differentiation and Expression Profiles

2. All cells of an organism typically contain all of the genes in an organism’s genome. Explain why not all genes are expressed. 



3. Differentiation is driven by specific patterns of gene expression, creating distinct profiles for different cell types. Complete the following table by defining each term.
	Term
	Definition

	Genome
	

	Transcriptome
	

	Proteome
	



C. Regulation of Transcription and Translation in Prokaryotes and/or Eukaryotes

4. The cell employs multiple strategies to control when and how much of a gene product is produced. For each of the following, provide a description of how each is providing control.
How is transcriptional control achieved?


What role do each of these play?
Promoters: 

Enhancers: 

Transcription Factors: 

How is translational regulation controlled and what is the role of mRNA stability.


What can be degraded, and what does the degrading? 

What is the control mechanism, and what is being controlled? 


What are some external regulatory factors that assist with this control?



D. Epigenetics and Cellular Differentiation

5. Explain epigenetics.



6. Describe some epigenetic tags involved in the control of gene expression.








E. Epigenetic Inheritance and Environmental Impact

7. Explain the result of epigenetics and its ability to conserve patterns of gene expression. 



8. Explain how the heritability of epigenetic tags influence gene expression from one generation to the next.







F. Environmental Influence
9. Explain how the following influence the epigenetic component of gene expression. 

Air Pollution: 

Monozygotic Twin Studies: 

G. Incomplete Resetting of Tags
10. Explain what should happen to epigenetic tags during the formation of gametes, but what often does happen, along with the phenotypic consequences. Provide an example. 

Phenotypic Consequences: The retention of certain tags can lead to specific phenotypic outcomes in offspring.
Example: 


Practice Short-Answer Quiz
Instructions: Answer the following questions using 2–3 sentences based on the information discussed in class.
1. What are the three primary stages by which information in genes produces effects on the phenotype?
2. How do specific proteins regulate the process of transcription?
3. What role do nucleases play in the regulation of translation?
4. Define epigenesis and explain its impact on a cell's genetic sequence.
5. Why do individual cells within an organism have different transcriptomes despite sharing the same genome?
6. How does the methylation of a promoter specifically affect gene expression?
7. What is the functional difference between DNA methylation and histone methylation in terms of gene regulation?
8. How can epigenetic patterns be conserved during the process of inheritance?
9. Provide an example of how an external environmental factor can physically alter epigenetic tags.
10. What do the phenotypic differences between tigons and ligers reveal about epigenetic tags in gametes?


Essay Questions
Instructions: Use the concepts discussed in class to develop 3 to 5 sentence responses for the following topics.
1. Discuss the significance of promoters, enhancers, and transcription factors in the control of gene expression at the transcriptional level.
2. Explain the relationship between the genome, transcriptome, and proteome, and analyze how these relationships define cellular differentiation.
3. Evaluate the role of epigenetic tags (DNA and histone methylation) in the inheritance of phenotypic traits through mitosis and meiosis.
4. Describe how external factors, such as hormones or biochemicals (e.g., lactose and tryptophan), impact the patterns of gene expression in organisms.
5. Analyze the impact of the environment on gene expression, using monozygotic twin studies and air pollution as evidence for epigenetic change.

