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Restriction 
endonucleases (RE) 



What? 

• Enzymes or enzymatic 
complexes which cleave 
inside DNA molecules 
(Not 5’ or 3’ ends). 

 

• Three types: I, II and III. 

 

• Sequence-specific. 

 

• Blunt or sticky ends  



What? 

Van Aelst et al., 2010 Dryden, 2004 



Who? 



Type II RE 

• TIIRE recognize a specific 
sequence in the DNA and 
cleave within. 

 

• Hydrolysis of the 
phosphodiester backbone. 

 

• They only recognize double 
stranded DNA (dsDNA). 

 

• Blunt or sticky ends.  



Type II RE subtypes 

• IIS: Asymmetric recognition of a 
site. Cleavage in the neighboring 
20 bp of the specific sequence. 
 

• IIB: Cleaves DNA on both strands 
at the ends of the specific 
sequence. 
 

• IIE: Requires two sites for 
recognition but cleaves only one 
of them. 
 

• IIF: Requires two copies of the 
recognition sequence, and 
cleaves within both sites. 

http://www.bris.ac.uk/biochemistry/halford/research.html 

http://www.bris.ac.uk/biochemistry/halford/research.html


Cleavage 



Famous enzymes 



Practice! 

GAGGATCCCACCAGGGTTACAGGATAGGAGTCAGGATCCAGAGGACCTAGGATACCTC 

CTCCTAGGGTGGTCCCAATGTCCTATCCTCAGTCCTAGGTCTCCTGGATCCTATGGAG 

How many fragments are produced? 
Which length does it (do they) have? 



Practice! 



Digestion 

Star activity in 
some cases! 



Digestion 

So many 
enzymes and 
buffers! 
 
What if I want to 
cut with 2 (or 
more) enzymes? 



Double digestion 

Find the best 
buffer that suits 
your 
combination of 
enzymes with 
DoubleDigest 
Finder (NEB) or 
similars. 

https://www.neb.com/tools-and-resources/interactive-tools/double-digest-finder 
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Double-Digest Finder 



What is it used for? 



What is it used for? 



 

PCR 



What? 

• In vitro enzymatic reaction 
for copying a particular 
sequence of DNA 
 

• Doesn’t need high 
quantities of DNA to work. 
 

• Lots and lots of 
applications. 
 

• Detection, cloning, 
sequencing… 
 



Theory behind 



Theory behind 



Who? 



How does it work? 

• http://www.youtube.com/watch?v=_YgXcJ4n-kQ 

http://www.youtube.com/watch?v=_YgXcJ4n-kQ
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Typical PCR reaction 



Typical PCR reaction 



Typical PCR reaction 



Tips and tricks 

• Reagent concentrations - "less is usually better"  (more specific) 

 

– primers: final concentration 0.1-1.0 uM 

– MgCl2:   final concentration 1.0-4.0 mM (depends on Taq used) 

– dNTPs:  final concentration 0.2 mM each dNTP (depends on Taq used) 

• Note: sensitive to repeated freeze/thaws 

 

• Vortex or finger-flick reagents to mix well before use 

 

• Annealing temperature and step times are important 

 

• Hot starts improve reaction efficiency (fewer primer-dimers) 

 

– Manual: add Taq to tubes in thermalcycler at 94oC (or MgCl2 or dNTPs) 

– TaqStart Antibody (Clontech) 

– FastStart Taq (Roche) 
http://genome-lab.ucdavis.edu/Protocols/pcr_tips/pcr_tips_and_tricks.htm 
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Tips and tricks 

• Always check program on Thermal Cycler 
 

• Run negative control(s) to check for contamination 
 

• Make a flow chart of what tried and in what order 
 

• Run a positive control (a sample known to amplify well) 
 

• Always run a ladder on gel (will indicate whether failed PCR or failed detection 
system) 
 

• Additives for fragments that are very long, G-C rich or prone to secondary 
structure 

 
– Glycerol, Formamide, NMP : Allow lower denaturing and annealing temperatures by a few 

degrees. 
– DMSO decreases incidence of secondary structure 

 
 

http://genome-lab.ucdavis.edu/Protocols/pcr_tips/pcr_tips_and_tricks.htm 
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Primers 



Primers 



Primers 

http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html 

• General Guidelines 

 

 

 

 

• Always write the primer from 5’ to 3’ (Reverse 
complement on Rv) 

http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html
http://www.bioinformatics.org/sms/rev_comp.html
http://www.bioinformatics.org/sms/rev_comp.html


Primers 

COI – Homo sapiens 



Primers 

• For RT-PCR 





• Two modules 

– Generate candidate primers 

• Primer 3 

– Candidate checking 

• Search against nucleotide databases. Looks for 
specificity. 

 

 

 Max. 50Kb 

Primer-BLAST 



Primer-BLAST 



Primer-BLAST 



Homo sapiens zinc finger protein 419 
(ZNF419), transcript variant 5, mRNA 



 





• http://www.idtdna.com/analyzer/applications/oligoanalyzer/ 

OligoAnalyzer 









>gi|251831106:5904-7445 Homo sapiens mitochondrion, complete 

genome 

 

ATGTTCGCCGACCGTTGACTATTCTCTACAAACCACAAAGACATTGGAACACTATACCTATTA

TTCGGCGCATGAGCTGGAGTCCTAGGCACAGCTCTAAGCCTCCTTATTCGAGCCGAGCTGGGC

CAGCCAGGCAACCTTCTAGGTAACGACCACATCTACAACGTTATCGTCACAGCCCATGCATTT

GTAATAATCTTCTTCATAGTAATACCCATCATAATCGGAGGCTTTGGCAACTGACTAGTTCCC

CTAATAATCGGTGCCCCCGATATGGCGTTTCCCCGCATAAACAACATAAGCTTCTGACTCTTA

CCTCCCTCTCTCCTACTCCTGCTCGCATCTGCTATAGTGGAGGCCGGAGCAGGAACAGGTTGA

ACAGTCTACCCTCCCTTAGCAGGGAACTACTCCCACCCTGGAGCCTCCGTAGACCTAACCATC

TTCTCCTTACACCTAGCAGGTGTCTCCTCTATCTTAGGGGCCATCAATTTCATCACAACAATT

ATCAATATAAAACCCCCTGCCATAACCCAATACCAAACGCCCCTCTTCGTCTGATCCGTCCTA

ATCACAGCAGTCCTACTTCTCCTATCTCTCCCAGTCCTAGCTGCTGGCATCACTATACTACTA

ACAGACCGCAACCTCAACACCACCTTCTTCGACCCCGCCGGAGGAGGAGACCCCATTCTATAC

CAACACCTATTCTGATTTTTCGGTCACCCTGAAGTTTATATTCTTATCCTACCAGGCTTCGGA

ATAATCTCCCATATTGTAACTTACTACTCCGGAAAAAAAGAACCATTTGGATACATAGGTATG

GTCTGAGCTATGATATCAATTGGCTTCCTAGGGTTTATCGTGTGAGCACACCATATATTTACA

GTAGGAATAGACGTAGACACACGAGCATATTTCACCTCCGCTACCATAATCATCGCTATCCCC

ACCGGCGTCAAAGTATTTAGCTGACTCGCCACACTCCACGGAAGCAATATGAAATGATCTGCT

GCAGTGCTCTGAGCCCTAGGATTCATCTTTCTTTTCACCGTAGGTGGCCTGACTGGCATTGTA

TTAGCAAACTCATCACTAGACATCGTACTACACGACACGTACTACGTTGTAGCCCACTTCCAC

TATGTCCTATCAATAGGAGCTGTATTTGCCATCATAGGAGGCTTCATTCACTGATTTCCCCTA

TTCTCAGGCTACACCCTAGACCAAACCTACGCCAAAATCCATTTCACTATCATATTCATCGGC

GTAAATCTAACTTTCTTCCCACAACACTTTCTCGGCCTATCCGGAATGCCCCGACGTTACTCG

GACTACCCCGATGCATACACCACATGAAACATCCTATCATCTGTAGGCTCATTCATTTCTCTA

ACAGCAGTAATATTAATAATTTTCATGATTTGAGAAGCCTTCGCTTCGAAGCGAAAAGTCCTA

ATAGTAGAAGAACCCTCCATAAACCTGGAGTGACTATATGGATGCCCCCCACCCTACCACACA

TTCGAAGAACCCGTATACATAAAATCTAGA 



What ifs… 
 
I’m constrained to amplify ends in a sequence? 
 
Want to add restriction sites for cloning? 
 
I need to introduce a mutation on a sequence? 
 
We are in an iGEM project? 
 
 
 



 

Fusion PCR 



Theory behind 



Theory behind 



Theory behind 



Genes: ORF vs. CDS 

• Gene: Molecular unit of 
heredity… Sequence that 
origins a coding RNA or 
ncRNA. 

 

• ORF: Nucleotidic 
sequence from a start 
codon to an end codon. 
Potential CDS. 

 

• CDS: Actual sequence to 
be translated. 

 



What is it used for? 

• Artificial constructs of 
DNA. 
 

• Directed mutations 
 

• Bind protein domains, 
peptidic chimaeras… 
Playing LEGO with CDSs. 
 

• Facilitar procesos de 
clonación y expresión de 
proteínas. 
 



What is it used for? 



Add sequences at the ends 



Gene fusion 



Mutations 



Point mutations 





Inverse Fusion PCR cloning 



• There are lots of programs for primer design, but are very limited for this 
family of techniques. 
 

• Primers in Fusion PCRs tend to be veeeeery looooong (40-60 pb). Don’t 
panic! 
 

• Again, high complementarity at the 3’ end of the primer, and high GC% in 
the last nucleotides of this end if possible. 
 

• Check carefully the formation of secondary structures and primer dimers 
(avoid values < -5 Kcal/mol). 
 

• When adding restriction sites at the ends of the sequence, insert at least 4 
nucleotides more at the end of the primer, so the RE activity is not impeded. 
Consultar: http://goo.gl/zu9cz 
 

• Play with temperature gradients, Touchdown PCR, DMSO, betain or Two-
Step PCR when it’s inevitable to have horrible primers. 

Design tips 



• If you’re intending to fuse protein domains, BE CAREFUL. Frame 
shifts are an important issue if the primers are not properly 
designed. Mind the frame! 
 

• Some researchers add spacer residues between domains, to avoid 
(more) folding errors in the final protein. 
 

• Check first if your sequence has the restriction sites you want to 
include. If so, change the sites in your primers to avoid innecesary 
time and money consumption. 
 

• If you have a sequence visualization software, things flow easier: 
Geneious, CLC Sequence Viewer, Sequencher, UGENE… 

 
• More magic tricks!  http://goo.gl/23cPX y 

http://pcrworld.blogspot.com/  

Design tips 

http://goo.gl/23cPX
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