AP 6.3 and 6.4 Transcription and Translation Study Guide
Summary
The flow of genetic information within biological systems follows a structured pathway from DNA to RNA, and ultimately to protein. This process, which determines an organism's phenotype based on its genotype, is governed by highly specific molecular interactions and enzymatic activities.
Key takeaways include:
Transcription: The process where RNA polymerases synthesize RNA molecules by reading a DNA template. In eukaryotes, this transcript undergoes specific modifications—such as splicing and the addition of protective caps—to become mature messenger RNA (mRNA).
Translation: The ribosomal process of converting mRNA sequences into polypeptide chains. This mechanism relies on the universal genetic code, providing evidence for the common ancestry of all living organisms.
RNA Versatility: Three distinct types of RNA (mRNA, tRNA, and rRNA) serve specialized roles in carrying information, building ribosomal structures, and recruiting amino acids.
Exceptions to the Rule: Retroviruses represent a specialized case where information flows in reverse—from RNA to DNA—using the enzyme reverse transcriptase.
This study guide examines the mechanisms of genetic information flow from DNA to protein, covering the processes of transcription, post-transcriptional modification, translation, and the unique lifecycle of retroviruses.
Key Terms

Alternative Splicing
Anticodon
Codon
Exon
GTP Cap
Intron
mRNA (Messenger RNA)
Poly-A Tail
Polypeptide
Reverse Transcriptase
RNA Polymerase
rRNA (Ribosomal RNA)
Start Codon
Transcription
Translation
tRNA (Transfer RNA)
A. The Roles and Functions of RNA
The function of an RNA molecule is determined by its base sequence and its overall structure. There are three primary types of RNA involved in the flow of genetic information. 
1. Complete the following table by describing the primary function of each RNA type.
	RNA Type
	Primary Function

	Messenger RNA (mRNA)
	


	Transfer RNA (tRNA)
	


	Ribosomal RNA (rRNA)
	




B. Transcription: DNA to RNA

2. Describe transcription.


C. The Role of RNA Polymerase

3. RNA polymerase is the primary enzyme responsible for synthesizing mRNA. It operates with specific directionality. Identify the synthesis direction of mRNA.





4. Identify the strand read by RNA polymerase as it constructs a new mRNA molecule. 





D. Post-Transcriptional Modifications in Eukaryotes

5. In eukaryotic cells, the initial mRNA transcript is not yet mature. It must undergo several enzyme-mediated modifications before translation. List and describe three modifications to the primary mRNA transcript that occur in eukaryotic cells. 






E. Translation: RNA to Protein

6. Describe the process of translation. 




F. Prokaryotic vs. Eukaryotic Translation

7. A distinct difference exists in the timing and location of transcription and translation in prokaryotic and eukaryotic cells. Describe and explain the differences in transcription and translation in prokaryotic and eukaryotic cells.


G. The Stages of Translation

8. Translation follows a sequence of three main stages: initiation, elongation, and termination. Describe each of these.
Initiation: 

Elongation: 

Termination: 

H. The Genetic Code and Common Ancestry

9. The translation process is governed by a genetic code that is nearly universal among all living organisms, it is specific, and it is also redundant. Explain the universality, specificity, and redundancy of the translation process.
Codon Specificity: 


Redundancy: 


Universality: 



I. Alternate Information Flow: Retroviruses

10. Retroviruses present a unique exception to the standard flow of genetic information. Describe the flow of information in retroviruses. Be sure to include any enzymes used in the process, as well as details of what is happening in the process.


Practice Short Answer Quiz
Instructions: Answer the following questions using 2–3 sentences using the information we discussed in class.
1. Identify and describe the functions of the three primary types of RNA involved in protein synthesis.
2. How does RNA polymerase interact with DNA to facilitate transcription?
3. Describe the specific directionality involved during the synthesis of an mRNA molecule.
4. What are the two primary modifications made to the ends of a eukaryotic mRNA transcript, and what are their purposes?
5. Explain the process of alternative splicing and its impact on the final protein product.
6. Where do transcription and translation occur within both prokaryotic and eukaryotic cells?
7. How does the timing of translation differ between prokaryotic organisms and eukaryotic organisms?
8. Describe the specific event that initiates the translation process.
9. What evidence does the genetic code provide regarding the evolutionary history of living organisms?
10. How do retroviruses deviate from the standard flow of genetic information?


Practice Essay Questions
Instructions: Using the information discussed in class, answer the following questions in 3 to 5 sentences.
1. The Central Dogma: Discuss the sequential flow of genetic information from DNA to RNA to protein. Include the roles of specific RNA molecules and the enzyme-mediated process of transcription.
2. Eukaryotic mRNA Processing: Analyze the enzyme-mediated modifications that occur in eukaryotic cells after transcription. Explain how these modifications contribute to molecule stability, ribosomal recognition, and protein diversity.
3. The Mechanics of Translation: Detail the stages of translation (initiation, elongation, and termination), explaining how codons, anticodons, and ribosomes interact to generate a polypeptide.
4. Genotype to Phenotype: Explain the relationship between an organism's genotype and its phenotype, specifically focusing on how the sequence of nucleotides in DNA results in the synthesis of functional proteins.
5. Viral Genetics: Compare the standard flow of genetic information in cellular organisms with the unique mechanisms used by retroviruses. Detail the role of reverse transcriptase and host genome integration.

