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SEMI-CONSERVATIVE 
DNA replica.on is the process by which the gene.c informa.on in the cell prior to the produc.on of new 
cells. It is required for both reproduc=on (asexual or sexual) and organism growth or =ssue replacement in 
mul.cellular organisms. DNA replica.on is semi-conserva.ve, meaning that whenever the DNA is copied: 
• One strand will be from the original template molecule (it is ‘conserved’ from the original source) 
• One strand will be newly synthesised (it is not conserved and is composed of new nucleotides) 
 
 
 
 
 
 
The DNA is copied with a high degree of accuracy because each nitrogenous base can only pair with its 
complementary base partner. Adenine and thymine pair together via two hydrogen bonds, while guanine 
and cytosine pair together with three hydrogen bonds. This system of pairing ensures new DNA molecules 
will have an iden=cal base sequence to the original molecule, meaning gene.c instruc.ons remain intact. 
 

REPLICATION ENZYMES 
The process of DNA replica.on is controlled and coordinated by many enzymes, however there are two 
main enzymes that are primarily involved in the separa.on and copying of the double-stranded molecule: 
 

Helicase  DNA Polymerase 
 

Unwinds and separates the two DNA strands by 
breaking the hydrogen bonds between base pairs 

 

Once the strands are separated, free nucleo.des 
will align opposite their complementary partner 

 

  

Covalently joins the free nucleo.des together to 
form a complementary strand (semi-conserva.ve) 

 

Catalyses the forma.on of a phosphodiester bond 
between a sugar and phosphate (condensa.on) 

 

Because DNA molecules can be extremely long, replica.on is ini.ated at mul.ple points simultaneously. 
New strands are synthesised bi-direc.onally from these origins of replica=on, eventually fusing together to 
form a complete sequence. This func.ons to limit the .me required for the process of replica.on to occur.  
 

Fun Fact:  An average chromosome is 150 million bp in length and DNA polymerase copies at ~50 bp/sec. 
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POLYMERASE CHAIN REACTION  
The polymerase chain reac.on is an ar.ficial method of DNA copying  
that uses a thermal cycler to rapidly amplify a specific DNA sequence  
 

Taq polymerase is used in this reac.on as it is a heat-tolerant enzyme 
isolated from the thermophilic bacterium Thermus aqua,cus (Taq)  
 

PCR involves a three-step process that u.lises temperature varia.ons: 
• Denaturation (90ºC): DNA is heated to separate the two strands  
• Annealing (55ºC): Primers bind to strands (designates copy region) 
• Extension (75ºC): Taq polymerase copies the two DNA strands   
  
Each cycle of the polymerase chain reac.on doubles the DNA amount,  
so a reac.on of 30 cycles would produce more than 1 billion sequences  
 

GEL ELECTROPHORESIS  
Gel electrophoresis is a laboratory technique used to separate DNA or  
proteins based on size. Samples are placed in a block of gel and then an  
electric current is applied to cause the sample to move (DNA will move  
towards the posi=ve anode as it is nega.vely charged). Smaller samples  
are less impeded by the gel matrix and will move both faster and further  
through the gel. This causes samples of different sizes to separate out as  
they travel at different speeds. While proteins can also be separated via  
the same basic process, they must be treated with an anionic detergent  
(SDS) in order to linearise the protein and impart a net nega.ve charge.  
DNA samples are loaded onto an agarose gel, while protein samples are  
placed into a polyacrylamide gel. The concentra.on of the gel and the  
voltage applied will influence the degree of separa.on of the molecules.  
DNA samples may be fragmented with specific restric.on enzymes and  
compared against a DNA ladder composed of fragments of known size.  
 

DNA PROFILING 
DNA profiling is a technique by which individuals can be iden.fied and compared via their respec.ve DNA 
profiles. Within the non-coding regions of an individual’s genome are loci comprised of repea.ng elements 
called short tandem repeats (STR). As individuals likely have different numbers of repeats at any STR locus, 
they generate unique DNA profiles. In larger popula.ons more STR loci are needed to form unique profiles.  
  

 
 

 

DNA profiling is used in criminal inves=ga=ons and in paternity disputes*. The same procedure is used:  
• A DNA sample is collected (e.g. from blood, semen, saliva, etc.) and then amplified using PCR  
• The STR loci are cut out with specific restric.on enzymes to generate fragments of variable length  
• The fragments are then separated out using gel electrophoresis and the resul.ng profiles are compared  
 

* In paternity tests, every band present in the DNA profile of the infant must come from one of the parents  

Large   

Medium   

Small   

–   

+   

Gel electrophoresis will 
separate based on size 

 repeats 7   6  repeats   4  repeats   13  repeats   


