D1.1 DNA Replication Study Guide
Summary
DNA replication is a fundamental biological process essential for the continuity of life, enabling reproduction, growth, and tissue replacement in multicellular organisms. The process is characterized by its semi-conservative nature, where exact copies of DNA are produced with identical base sequences through the mechanism of complementary base pairing. This biological precision is facilitated by specific enzymes, most notably helicase and DNA polymerase.
Beyond its natural biological function, the principles of DNA replication have been harnessed for significant biotechnological advancements. Techniques such as the Polymerase Chain Reaction (PCR) and gel electrophoresis allow for the amplification and separation of DNA, facilitating practical applications in forensics and paternity testing. At the molecular level, replication is governed by strict directionality (5' to 3' orientation) and complex coordination between leading and lagging strands, involving a specialized suite of enzymes and proofreading mechanisms to ensure genetic fidelity.
This study guide provides a detailed review of the mechanisms of DNA replication and the biotechnological applications derived from this process. It covers standard requirements for understanding genetic continuity, enzymatic roles, and the technical principles of DNA amplification and separation, alongside advanced topics regarding directionality and prokaryotic replication.
Key Terms

5' and 3' Terminals
Complementary Base Pairing
DNA Ligase
DNA Polymerase
DNA Primase
DNA Profiling
Gel Electrophoresis
Helicase
Lagging Strand
Leading Strand
Okazaki Fragments
Polymerase Chain Reaction (PCR)
Proofreading
RNA Primer
Semi-conservative
Taq Polymerase

A. DNA Replication (D1.1):
The primary objective of DNA replication is the production of exact copies of DNA to ensure genetic continuity. This process is categorized under the theme of "Continuity and Change—Molecules."
1. Explain the biological necessity of DNA replication, why is DNA replication essential for life? 





B. Structural Basis of Accuracy

2. The accuracy of DNA replication is rooted in its semi-conservative nature. Explain what is meant by “semi-conservative nature,” and how complementary base pairing is involved. 




C. Core Enzymatic Functions

3. The replication process relies on the specialized functions of enzymes to manage the DNA double helix. Two important enzymes to this process are helicase and DNA polymerase. State the function of helicase and DNA polymerase.
Helicase: 

DNA Polymerase: 



D. Quality Control: DNA Proofreading

4. DNA polymerase III performs proofreading to ensure DNA replication is accurate. Describe the process of DNA proofreading. 




E. Directionality and Nucleotide Addition

5. DNA polymerases are directional. Explain the directionality of DNA replication.


F. Leading vs. Lagging Strands

6. Because DNA strands are anti-parallel and synthesis only occurs in one direction, the two strands are replicated differently. Describe the key features of leading and laggings strand synthesis by completing the following table. 
	Feature
	Leading Strand
	Lagging Strand

	Nature of Synthesis
	

	

	RNA Primers
	

	

	Structural Units
	

	



7. Explain the differences between leading and lagging strand replication and the specific roles of the following:



G. Specialized Prokaryotic Enzymes

8. A specific suite of enzymes coordinates the replication process in prokaryotes. Describe the functions of the following enzymes.
DNA Primase: 
DNA Polymerase III: 
DNA Polymerase I: 
DNA Ligase: 
RNA primers: 

H. Biotechnology: Amplification and Analysis
Knowledge of DNA replication has enabled the development of tools that can manipulate and analyze genetic material for various societal applications.
9. Explain the process of polymerase chain reaction (PCR).
PCR is used to amplify specific DNA sequences. The process requires:




10. Describe one specific application of PCR.



11. Describe the process of gel electrophoresis.





12. Explain the forensic and legal applications of gel electrophoresis. Be sure to include the use of the term “DNA profile” in your explanation.








13. Outline some of the applications and practical uses of PCR and gel electrophoresis. 






14. Describe the process of gene knockout.






15. Describe CRISPR-Cas9, including the purpose, components, and considerations for its use.







I. Note on Reliability: In DNA profiling, reliability is enhanced by increasing the number of markers used. This statistical approach reduces the probability of a false match.


Practice DNA Replication Review Quiz
Instructions: Answer the following questions in two to three sentences, using the information discussed in class.
1. What is the fundamental biological purpose of DNA replication in multicellular organisms?
2. How do the semi-conservative nature of DNA replication and complementary base pairing contribute to genetic accuracy?
3. What are the specific roles of helicase and DNA polymerase during the general process of replication?
4. Describe the components and conditions required for the Polymerase Chain Reaction (PCR) to amplify DNA.
5. How does gel electrophoresis function as a tool in biotechnology?
6. In the context of DNA profiling, how is the reliability of a match enhanced?
7. Explain the concept of directionality in DNA synthesis regarding the 5' and 3' terminals.
8. Distinguish between the replication processes occurring on the leading strand and the lagging strand.
9. What are the specific functions of DNA primase and DNA ligase within the prokaryotic replication system?
10. How does the proofreading mechanism of DNA polymerase III ensure the integrity of the DNA sequence?


Practice Essay Questions
Instructions: Answer the following questions in 3 to 5 sentences, using the information discussed in class.
1. Mechanisms of Genetic Continuity: Discuss how the structural features of DNA and the specific enzymatic actions during replication ensure that identical base sequences are passed from one generation of cells to the next.
2. Enzymatic Specialization in Prokaryotes: Analyze the specialized roles of DNA primase, DNA ligase, and DNA polymerases I and III in the prokaryotic replication model, explaining how their coordination results in a complete DNA molecule.
3. The Impact of Directionality: Evaluate why the 5' to 3' directionality of DNA polymerase necessitates different replication strategies for the leading and lagging strands, including the formation of Okazaki fragments.
4. Biotechnological Innovations: Explain how knowledge of DNA replication has been harnessed to develop PCR and gel electrophoresis, and describe the impact of these technologies on forensic science and paternity testing.
5. Quality Control in Replication: Examine the various stages where accuracy is maintained during DNA replication, from complementary base pairing to the active proofreading mechanisms of DNA polymerase III.

