
Module 9: Genome Editing and Regulation 

CSE 590: Molecular programming and neural computation 

Guest Lecture: Nick Bogard 



Genome Engineering 

E Pennisi Science 2012;338:1408-1411 E Pennisi Science 2013;341:833-836 

“Talking about the future is better than letting it sneak up on us.  We need to do 
more of this or we will be left with very limited vocabulary in the space between 

positive and negative hype.” 
- George Church, speaking on the potential of CRISPR technology 



Genome “Engineering” 

http://newsroom.ucla.edu/ 

http://www.synthetic-bestiary.com/ 



Genome Engineering 

Cut the target 

Add modification 

New Genomic Sequence 



Genome Editing 
Protein-based CRISPR 

1. Protein and DNA interface is very 
complex 

2. Construction is relatively 
    expensive and complicated  

1. Watson-Crick base pairing is straight-
forward and predictable 

2. Construction is fast, easy, and 
    cheap 



Bacterial Immunity 



Bacterial Immunity 

D’Auria et al. BMC Genomics 2010 



Bacterial Immunity 

Mali et al. Nature Methods 2013 
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Bacterial Immunity 
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Bacterial Immunity 

Mali et al. Nature Methods 2013 



CRISPR Targeting 



CRISPR/Cas/DNA Complex 

Mali et al. Nature Methods 2013 



Genome Engineering 



Genome Editing 

http://www.genome-engineering.org/crispr/ 



Genome Editing 

Wang et al. Cell 2013 



Primate Engineering 

Niu et al. Cell 2014 



Genome Screening 

Shalem et al. Science 2014 



CRISPR/Cas Flexibility 

Mali et al. Nature Methods 2013 



Genome Regulation 



Genome Illumination 
Cas9-Reporters allow for observation of genome dynamics. 

Chen et al. Cell 2014 



CRISPR Optimization 

Chen et al. Cell 2014 

Wang et al. Science 2014 

Jinek et al. Science 2012 



Multiplex Genome Regulation 

Multiple gRNAs with repressive Cas9 

down 

down 

down 

down 



Multiplex Genome Engineering 

Multiple gRNAs with activator Cas9 targeting enhancer loci 

up 

up 

up 

up 



Multiplex Genome Engineering 

Multiple gRNAs with activator Cas9 targeting 
enhancer and suppressor loci 

down 

down 

up 

up 



Multiplex Genome Engineering 

Multiple gRNAs with orthogonal Cas9s and cognate 
gRNAs can modify and regulate genomes 

OFF 

ON 

down 

up 



CRISPR-based Genetic Circuits 

gRNAs can regulate other gRNAs through conventional 
and synthetic promoters 


