Number of Replicons in DNA and DNA Replication Time in Connection with Genome Size

1. Introduction to Replicons and Genome Size

e Replicon: A unit of DNA replication that contains an origin of replication (OriC) and a termination

site.

e DNA replication occurs simultaneously at multiple replicons, reducing the total replication time.
e Genome size and number of replicons determine the overall time required for DNA replication.

2. Relationship Between Genome Size, Replication Rate, and Replicons

Trep = (Genome Size) / (Rate of Replication x Number of Replicons x 2) for bidirectional replication forks

where:

e Trep = total replication time

¢ Genome Size = total base pairs (bp)

¢ Replication Rate = nucleotides (nt) added per second per replication fork
¢ Number of Replicons = active replication origins

3. Number of Replicons in Prokaryotic vs. Eukaryotic DNA

N f Replication R
Organism Genome Size uml?er ° eplication Rate Replication Time

Replicons (nt/sec)

E. coli (Prokaryote) | ~4.6 million bp 1 (single OriC) ~1000 nt/sec ~40 min

Yeast (S. ~12 million bp ~400 ~50 nt/sec ~30 min

cerevisiae)

Human (H. -

) ~3.2 billionbp ~50,000 ~50 nt/sec ~6-8 hours
sapiens)

Key Observations

e Prokaryotes (e.g. E. coli) have a single replicon, whereas eukaryotes have multiple replicons.

¢ More replicons lead to faster replication, compensating for larger genome sizes in eukaryotes.

e The'rate of replication fork movement is higher in prokaryotes (~1000 nt/sec) than in eukaryotes

(~50'nt/sec).

4. Solved Examples

Example 1: Calculating Replication Time in E. coli

e E. colihas a circular genome of ~4.6 million bp and one replication origin.
e The replication fork moves at 1000 nt/sec on both strands.




Trep = (Genome Size) / (Rate of Replicationx 1 x 2)
Trep = (4.6x10° bp) /(1000x2)
Trep = 2300 sec = 38.3 min = 40 min.

Conclusion: E. coli completes DNA replication in about 40 minutes.
Example 2: Estimating Replication Time in Human Cells

e Human genome: 3.2 billion bp
« 50,000 replicons
e Replication rate: 50 nt/sec

Trep = (Genome Size) / (Replication Rate x Number of Repliconsx2)
Trep = (3.2x10°) / (50x50,000%2)

Trep = (3.2x10°) / (5x10°)

Trep = 640x103 sec = 6.4 hours

Conclusion: Humans complete DNA replication in about 6-8 hours, aligning with observed cell cycle
durations.

5. Practice Questions

1. A bacterial genome has 5 million base pairs and replicatesin 30 minutes. If each fork moves at 500
nt/sec, determine how many replication origins are active.

2. A newly discovered eukaryotic species has a genomesize of 2 billion bp and a replication fork
speed of 40 nt/sec. If DNA replication takes'5 hours, how many replication origins must be active?

3. If a eukaryotic cell has 10,000 replicons,.and.the replication rate is 60 nt/sec, calculate the time
required to replicate a genome of 1 billion bp.



