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Modifying bacterial chromosomes – Allelic exchange
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Modifying bacterial chromosomes – Allelic exchange
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Hutchison CA et al. 2016. Design and synthesis of a 
minimal bacterial genome. Science 351:aad6253–aad6253.
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‘almost’ leaving bacteria and focusing on eukaryotes 



Editing eukaryotic genomes

• homologues recombination is very inefficient in many eukaryotes 
• introduction of double strand breaks activates DNA repair by either 

• non-homologous end joining 
• homology-directed repair

figure: Gaj 2013 Trends Biotechnolhttps://www.youtube.com/watch?v=31stiofJjYw https://www.youtube.com/watch?v=86JCMM5kb2A

https://www.youtube.com/watch?v=31stiofJjYw
https://www.youtube.com/watch?v=86JCMM5kb2A


Engineered sequence-specific nucleases to induce 
targeted double-strand breaks
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How to target a specific gene/DNA sequence?
Zinc fingers

"Zinc finger rendered" by Thomas Splettstoesser (www.scistyle.com) http://commons.wikimedia.org/wiki/File:Zinc_finger_rendered.png#/media/File:Zinc_finger_rendered.png 
"Zinc finger DNA complex" by Thomas Splettstoesser (www.scistyle.com) http://commons.wikimedia.org/wiki/File:Zinc_finger_DNA_complex.png#/media/File:Zinc_finger_DNA_complex.png

Cys2His2  
zinc coordination

http://commons.wikimedia.org/wiki/File:Zinc_finger_DNA_complex.png#/media/File:Zinc_finger_DNA_complex.png


How to target a specific gene/DNA sequence?
ZFN: Zinc finger nucleases

figure: Gaj 2013 Trends Biotechnol

specific ZFs for nearly all 64 possible  
bp triplets exist to be combined

3 base-pairs-recognizing 
residues

6 connected ZFs (18 bp) confer  
specificity of 1 in 68 billion



How to target a specific gene/DNA sequence?
TALE: transcription activator-like effectors

Bogdanove Curr Opin Plant Biol 2010



How to target a specific gene/DNA sequence?
TALEN: transcription activator-like effector nucleases

1 base-pair-recognizing 
residues

TALEs can be combined to  
match any DNA sequence

figure: Gaj 2013 Trends Biotechnol

18 connected TALEs (18 bp) confer  
specificity of 1 in 68 billion



How to target a specific gene/DNA sequence?

CRISPR-Cas: clustered regularly interspaced short palindromic repeats/
CRISPR-associated 

RNA-mediated DNA-targeting system that confers immunity in bacteria



CRISPR-Cas - basics: immunization

figure: Prashant 2014 Nat Methods



CRISPR-Cas - basics: immunity

figure: Prashant 2014 Nat Methods



CRISPR-Cas - targeted application using a Guide 
RNA (gRNA)

figure: Prashant 2014 Nat Methods



CRISPR - basics and potential

figure: Prashant 2014 Nat Methods



CRISPR - potential applications

figure: Prashant 2014 Nat Methods



CRISPR-Cas genome-wide libraries

Science 2014

Cell 2014



www.geneticliteracyproject.org

1 of 6 polyphenol oxidase deleted by CRISPR CAS



Concepts

Restriction: 
• site-specific cleavage of palindromic DNA by restriction enzymes 

Assembly: 
• isothermal fusion of dsDNA fragments using exonucleases, polymerases, and ligases 

Plasmids: 
• mobile genetic elements used for cloning and expression of genes 

Homologous Recombination: 
• cross-over (exchange) of homologues DNA fragments 

Site-specific DNA editing: requires double strand breaks 
• protein-guided nucleases: ZFN, TALEN 
• RNA-guided nucleases: CRISPR-Cas
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