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DNA Replication in Cell (In vivo)

https://www.khanacademy.org/science/biology/dna-as-the-genetic-material/dna-replication/a/molecular-mechanism-of-dna-replication

https://www.khanacademy.org/science/biology/dna-as-the-genetic-material/dna-replication/a/molecular-mechanism-of-dna-replication


Dr. Kary Banks Mullis

In vitro DNA replication 

(PCR)

 PCR is a method widely used in molecular 

biology to make many copies of a 
specific DNA segment.

Gene cloning DNA Amplification

https://www.karymullis.com/pcr.shtml


Conventional PCR
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Conventional PCR
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PCR requirements

1) Template (DNA or cDNA)

2) Sequence specific oligonucleotides (primers /probe)

3) Heat stable DNA polymerase

4) Thermal cycling



Template (genomic DNA)

Organic (TRIzol) Kit (silica-based)

DNA Extraction

ژنوم



Primer selection or design

 Primer design

 Literatures & databases

 PrimerBank (http://pga.mgh.harvard.edu/primerbank/index.html)

 GetPrime (https://gecftools.epfl.ch/getprime)

https://www.ncbi.nlm.nih.gov/tools/primer-blast/

http://pga.mgh.harvard.edu/primerbank/index.html
https://gecftools.epfl.ch/getprime
https://www.ncbi.nlm.nih.gov/tools/primer-blast/


Primer selection









Confirmation by in silico PCR









Below is a list of characteristics that should be considered when designing primers:

1. Primer length should be 15-30 nucleotide residues (bases).

2. Optimal G-C content should range between 40-60%.

3. The 3' end of primers should contain a G or C in order to clamp the primer and prevent "breathing" of ends, increasing 

priming efficiency. DNA "breathing" occurs when ends do not stay annealed but fray or split apart. The three hydrogen bonds in 

GC pairs help prevent breathing but also increase the melting temperature of the primers.

4. The 3' ends of a primer set, which includes a plus strand primer and a minus strand primer, should not be complementary to 

each other, nor can the 3' end of a single primer be complementary to other sequences in the primer. These two scenarios 

result in formation of primer dimers and hairpin loop structures, respectively.

5. Optimal melting temperatures (Tm) for primers range between 52-58 °C, although the range can be expanded to 45-65 °C. 

The final Tm for both primers should differ by no more than 5 °C.

6. Di-nucleotide repeats (e.g., GCGCGCGCGC or ATATATATAT) or single base runs (e.g., AAAAA or CCCCC) should be 

avoided as they can cause slipping along the primed segment of DNA and or hairpin loop structures to form. If unavoidable due

to nature of the DNA template, then only include repeats or single base runs with a maximum of 4 bases.

Primer design roles

Lorenz, T.C. Polymerase Chain Reaction: Basic Protocol Plus Troubleshooting and Optimization Strategies. J. Vis. Exp. (63), e3998, doi:10.3791/3998 (2012).



There are a few common problems that arise when designing primers:

1) self-annealing of primers resulting in formation of secondary structures such as hairpin loops

2) primer annealing to each other, rather than the DNA template, creating primer dimers

3) drastically different melting temperatures (Tm) for each primer, making it difficult to select an annealing 

temperature that will allow both primers to efficiently bind to their target sequence during thermal cycling.

Primer design limitations

Lorenz, T.C. Polymerase Chain Reaction: Basic Protocol Plus Troubleshooting and Optimization Strategies. J. Vis. Exp. (63), e3998, doi:10.3791/3998 (2012).



Primer design 









Heat stable DNA polymerase

Dorak,



PCR Mix

Tris-HCl pH 8.5, (NH4)2S04, 3 mM MgCl2, 0.2% Tween 20

0.4 mM of each dNTP

0.2 units/μl Ampliqon Taq DNA polymerase



A. Double strand DNA

B. Denature
96º

25º

C. Anneal primers55º

D. Polymerase binds & extends72º

Taq

Taq

Thermal cycles



Thermocycler



Agarose gel electrophoresis

PCR product visualization



PCR limitations



Reverse Transcription (cDNA synthesis)

Double strand cDNA

AAAAA

TTTTTRT

AAAAA

TTTTT
RT

RTAAAAA

TTTTT

OligodT primer is bound to mRNA

Reverse transcriptase copies first

cDNA strand

Reverse transcriptase digests and

displaces mRNA and copies second

strand of cDNA

Reverse transcriptase (RT) is bound

to oligodT primer

mRNA



RT-PCR

(cDNA)



Many Thanks


