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DNA Replication Questions and Answers (PDF) 

DNA replication is the biological process by which a cell duplicates its genetic 

material before cell division, ensuring that each daughter cell receives an identical copy 

of the parent DNA. This process is semiconservative, meaning each new DNA molecule 

consists of one original strand and one newly synthesized strand. DNA replication occurs 

in three main steps: initiation, elongation, and termination. Several enzymes, including 

helicase, DNA polymerase, and ligase, play essential roles in unwinding the DNA, 

synthesizing new strands, and sealing gaps. The accuracy and regulation of DNA 

replication are critical for maintaining genetic integrity and preventing mutations. 
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Questions and Answers on DNA Replication 

1. What does semiconservative replication mean in the context of DNA replication?   

Semiconservative replication refers to the process by which each new DNA 

molecule consists of one original (parental) strand and one newly synthesized strand. 

During replication, the two strands of the original DNA molecule separate, and each 

serves as a template for the synthesis of a new complementary strand. This method 

ensures that the genetic information is accurately copied and passed on to the daughter 

cells. 
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2. What is the role of helicase in DNA replication?   

Helicase is an enzyme that unwinds and separates the two strands of the DNA 

double helix at the replication fork. By breaking the hydrogen bonds between the 

complementary base pairs, helicase creates single-stranded DNA templates that can be 

used for replication. Its activity is essential for the initiation of DNA replication, as it 

allows other enzymes to access the single strands for synthesis. 

3. Describe the function of DNA polymerase during DNA replication.   

DNA polymerase is the enzyme responsible for synthesizing new DNA strands by 

adding nucleotides to a pre-existing primer or strand. It reads the template strand in the 

3' to 5' direction and synthesizes the complementary strand in the 5' to 3' direction. DNA 

polymerase also has proofreading abilities, ensuring that mistakes made during 

replication are corrected by removing mismatched nucleotides. 
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4. How does the replication of the leading strand differ from the replication of the 

lagging strand?   
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The leading strand is synthesized continuously in the 5' to 3' direction, as the 

replication fork progresses. In contrast, the lagging strand is synthesized discontinuously 

in short segments known as Okazaki fragments, because DNA polymerase can only 

synthesize in the 5' to 3' direction. These fragments are later joined together by DNA 

ligase to form a complete strand. 

5. What are Okazaki fragments, and why are they necessary for DNA replication?   

Okazaki fragments are short segments of DNA that are synthesized on the lagging 

strand during DNA replication. They are necessary because DNA polymerase can only 

synthesize DNA in the 5' to 3' direction, while the lagging strand is oriented in the 

opposite direction (3' to 5'). As a result, DNA is synthesized in small sections, which are 

later joined by DNA ligase to form a continuous strand. 

6. What is the function of primase in DNA replication?   

Primase is an enzyme that synthesizes a short RNA primer on the DNA template 

strand. This primer provides a starting point for DNA polymerase to begin synthesizing 

the new DNA strand, as DNA polymerase cannot initiate synthesis on its own. The RNA 

primer is later removed and replaced with DNA by another polymerase enzyme. 

7. How does DNA ligase contribute to DNA replication?   

DNA ligase is responsible for sealing the nicks or gaps between Okazaki fragments 

on the lagging strand during DNA replication. It catalyzes the formation of a 

phosphodiester bond between the 3' hydroxyl group of one nucleotide and the 5' 

phosphate group of another, ensuring that the DNA strand becomes continuous. Ligase 

plays a crucial role in maintaining the structural integrity of the newly synthesized DNA. 

8. What is the role of topoisomerase in preventing DNA supercoiling during 

replication?   

Topoisomerase is an enzyme that prevents the DNA from becoming too tightly 

coiled or supercoiled as the replication fork progresses. As helicase unwinds the DNA, 

supercoiling can occur ahead of the replication fork, potentially hindering replication. 
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Topoisomerase temporarily cuts one or both strands of the DNA, allowing it to relax and 

then reseals the breaks, ensuring smooth progression of replication. 

9. What is the significance of the origin of replication in DNA replication?   

The origin of replication is a specific sequence in the genome where DNA 

replication begins. In prokaryotes, there is typically a single origin of replication, while 

eukaryotes have multiple origins on each chromosome. These origins allow the DNA 

replication machinery to assemble and initiate replication, ensuring that the entire 

genome is accurately copied in a timely manner. 

10. How does the replication fork function during DNA replication?   

The replication fork is the Y-shaped structure that forms when DNA is unwound 

by helicase during replication. It is the site where new DNA strands are synthesized as 

the parent strands separate. At the replication fork, the leading strand is synthesized 

continuously, while the lagging strand is synthesized in fragments. The replication fork 

moves along the DNA, allowing replication to progress along both strands. 

 

11. Explain the role of single-strand binding proteins (SSBs) in DNA replication.   

Single-strand binding proteins (SSBs) bind to the single-stranded DNA near the 

replication fork to prevent the strands from re-annealing or forming secondary 

structures. These proteins stabilize the single-stranded regions, allowing the DNA 
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polymerase to access the template strands for replication. SSBs are essential for 

maintaining the separation of DNA strands and ensuring efficient replication. 

12. What is the function of the proofreading mechanism in DNA replication?   

The proofreading mechanism ensures the accuracy of DNA replication by 

detecting and correcting errors that occur during nucleotide addition. DNA polymerase 

has exonuclease activity, which allows it to remove incorrectly paired nucleotides and 

replace them with the correct ones. This proofreading activity reduces the frequency of 

replication errors and helps maintain genomic stability. 

13. How do eukaryotic and prokaryotic DNA replication differ in terms of origin 

sites and replication speed?   

In prokaryotes, DNA replication typically starts from a single origin of replication, 

whereas eukaryotic cells have multiple origins of replication on each chromosome. This 

is because eukaryotic genomes are much larger and require multiple initiation sites to 

ensure timely replication. Additionally, eukaryotic replication is slower due to the 

presence of chromatin and the more complex packaging of DNA in nucleosomes. 

14. What is the role of telomerase in DNA replication, and why is it important in 

eukaryotic cells?   

Telomerase is an enzyme that extends the telomeres, the repetitive DNA 

sequences at the ends of eukaryotic chromosomes. During replication, the ends of linear 

chromosomes cannot be fully replicated by DNA polymerase, leading to progressive 

shortening of the telomeres with each cell division. Telomerase compensates for this loss 

by adding telomeric repeats, which is especially important in germ cells, stem cells, and 

cancer cells to maintain chromosome integrity. 

15. Why is DNA replication considered highly accurate, and what mechanisms 

ensure this fidelity?   

DNA replication is highly accurate due to the combined actions of DNA 

polymerase's proofreading ability and mismatch repair mechanisms. DNA polymerase's 
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proofreading activity detects and corrects misincorporated nucleotides immediately 

during synthesis. Additionally, after replication, mismatch repair enzymes scan the newly 

synthesized DNA for any remaining errors and correct them. These mechanisms 

collectively ensure a low mutation rate and maintain genomic stability. 
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