
Models of DNA Replication
Dr. Rakesh Kumar Gupta
Department of Microbiology
Ram Lal Anand College
New Delhi - 110021

Reference – Molecular Biology of the Gene (6th Edition) by 
Watson et. al. Pearson education, Inc
Principles of Genetics (8th Edition) by D. Peter Snustad, D. 
Snustad, Eldon Gardner, and Michael J. Simmons, Wiley 
publications

B.Sc (Hons) Microbiology (CBCS Structure)

C-7: Molecular Biology

Unit 2: DNA Replication



20-2

General Features of DNA Replication

• Double helical model for DNA 
includes the concept that 2 strands 
are complementary

• Each strand can serve as template 
for making its own partner
– Semiconservative model for DNA 

replication is correct
– Half-discontinuous (short pieces later 

stitched together)
– Requires DNA primers
– Usually bidirectional
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Three Hypotheses of Replication

The three methods of 
DNA replication 
considered were:

1. Semiconservative 
2. Conservative 
3. Dispersive 



Semiconservative Process of DNA Replication

Watson and Crick DNA Model -  Suggested Semiconservative mode

Meselson and Stahl Experiments

Delbruck hypothesis in favor of dispersive mode of replication



Semi-conservative mode of replication – Experiment by 
Matthew Meselson and Frank W Stahl at California 
Institute of Technology in 1958



Meselson and Stahl Experiment



Fig. 3.2  The Meselson-Stahl experiment, which showed that DNA replicates 
semi-conservatively



Three possible mechanisms for DNA replication
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Cairns then isolated the chromosomes by lysing the cells very very gently 
and placed them on an electron micrograph (EM) grid which he exposed to 
X-ray film for two months.









Replicating bubble in DNA from bacteriophage T7
Two replication forks heading towards opposite ends of the DNA

T7 DNA replication 1



Replicating DNA from bacteriophage T7.  One fork has reached 
the ends (A and A’). Second fork (arrow) is heading towards the 
opposite end of the DNA (B)



After initial replication of the circular 
P22 DNA by theta-replication, the DNA 
is replicated by rolling circle 
replication.
 Rolling circle replication generates a 
long concatemer of linear, double-
stranded DNA that can be packaged 
into phage heads
Rolling Circle”Common among 
bacteriophages
Circular DNA serves as template for 
production of a concatamer.

ROLLING CIRCLE REPLICATION



Rolling Circle I
• Few rounds of theta-

replication
• Nick outer strand
• Extend 3’ end of 

outer strand, 
displacing original

• Synthesis of 
complementary 
strand using 
displaced strand as 
template

• Concatamers cut by 
RE’s, sealed 

• Result several 
copies of circular 
dsDNA 



Rolling Circle I

• “Template “rolls”, extrudes leading 
strand

• Okazaki frags made on leading 
strand as it emerges. 



Rolling Circle  II
• EX ΦX174 
• Circular ssDNA 

chromosome
• Copy + strand using E. 

coli replication proteins 
to make ds circle (theta 
replication) 

• Protein A (phage) cuts + 
strand

• Rolling circle replication
• Protein A cuts at unit 

length and circularizes 
(ligates) released ss 
chromosome

• Replication continues



Mitochondrial Genome 
Structure• The mitochondrial genome is 

a circle, 16.6 kb of DNA.  A 
typical bacterial genome is 2-
4 Mbp.

• The two strands are notably 
different in base composition, 
leading to one strand being 
“heavy” (the H strand) and 
the other light (the L strand).

• Both strands encode genes, 
although more are on the H 
strand.

• A short region (1121 bp), the 
D loop (D = “displacement”), 
is a DNA triple helix: there are 
2 overlapping copies of the H 
strand there.

• The D loop is also the site 
where most of replication and 
transcription is controlled.

• Genes are tightly packed, with 
almost no non-coding DNA 
outside of the D loop.  In one 
case, two genes overlap: they 
share 43 bp, using different 
reading frames. Human 
mitochondrial genes contain 
no introns, although introns 
are found in the mitochondria 
of other groups (plants, for 
instance).



• Replication starts with the H 
strand.  
– The origin of replication 

for the H strand is in the D 
loop, and it is initiated by 
an RNA primer generated 
from the L strand 
transcript.  

– After the new H strand is 
about 2/3 complete, the L 
strand origin of replication 
is uncovered. The L strand 
origin is on the old H 
strand; it is “uncovered” 
when the old H strand is 
displaced by the DNA 
polymerase synthesizing 
the new H strand.  

– The L strand origin folds 
into a stem-loop structure, 
which acts as a primer, and 
replication of the L strand 
begins.  

– Replication can be said to 
be bidirectional by 
asynchronous, unlike 
replication of nuclear DNA, 
which proceeds in both 
directions simultaneously.

Mitochondrial Genome 
Replication
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