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CRISPR/Cas9  

Or The Emperor's  

New Clothes? 

Juggernaut 

Nobel Prize 

Disruptive Technology 

Paradigm 
shift Holy Grail of GE  
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The triumvirate of genome editing 

CRISPR/Cas9 

Zinc Finger 

Read: Gaj, Gersbach, Barbas III: Trends in Biotechnology, July 2013, Vol. 31, No. 7 

TALEN 

AAV 

Mega 
nucleases 



Why is CRISPR/Cas9 better? 

SPEED/Price 

Accuracy/Specificity 

Simplicity 

CRISPR/Cas9 



CRISPR/Cas9 speed 
generation of transgenic mice 

6 month (conventional) 

1 month (CRISPR/Cas9) 

Figures: Ran et al Nature Protocols 8, 2281–2308 (2013): Genome engineering using the CRISPR-Cas9 system and  
   Fujihara & Ikawaw: Methods Enzymol. 2014;546:319-36.: CRISPR/Cas9-Based Genome Editing in Mice by Single Plasmid Injection  



CRISPR loci and Cas nuclease 
nomenclature 

CRISPR/Cas9 

CRISPR: Clustered Regularly Interspaced Palindromic Repeats  
   Loci in 40% of bacteria and 90% of archaea 
 
 
 
Cas9: CRISPR associated protein 9  
            a nuclease, an enzyme specialized for cutting DNA  
         Cas1..Cas10 exist 
 
 
CRISPR/CAS: type I, type II and type III 
 
 

gRNA: guide RNA – a construct/chimera of CRISPR RNA (crRNA)  
          and trans-activating CRISPR RNA (tracrRNA) 

PAM: protospacer adjacent motif with sequence  
   NGG (any, guanine, guanine) specific to Streptococcus pyogenes 
   and 5′-NAG (any, adenine, guanine) PAM tolerated in human cells 

Figures: WIKI and HZI/Rohde 



Endogenous DNA repair mechanisms 

 Figure: Hsu, Lander, Zhang: Development and Applications of CRISPR-Cas9 for Genome Engineering; Cell 157, June 5, 2014 



VIDEO: Genome Editing with CRISPR-Cas9 

Source: McGovern Institute for Brain Research at MIT; https://www.youtube.com/watch?v=2pp17E4E-O8 

Click to watch 

https://www.youtube.com/watch?v=2pp17E4E-O8


CRISPR/Cas9 process includes  a targeted 
double strand break 

Figure: Storrs; A CRISPR Fore-Cas-t; (2014) The Scientist magazine; http://www.the-scientist.com/?articles.view/articleNo/39239/title/A-CRISPR-Fore-Cas-t/ 



CRISPR/Cas the immune system of 
bacteria 

Figures: Bhaya et al., Annu. Rev. Genet. 2011. 45:273-97 and Horvath: Science (2010) Vol. 327; 167-170: CRISPR/Cas, the Immune System of Bacteria and Archaea 
Text: Singh et al: A Mouse Geneticist’s Practical Guide to CRISPR Applications; Genetics. 2015 Jan; 199(1): 1–15.  

(1) acquisition of foreign DNA 
  
(2) synthesis and maturation of CRISPR RNA 
(crRNA) followed by formation of  
RNA-Cas nuclease protein complexes 
 
(3) target recognition by crRNA and  
destruction of foreign DNA by  
Cas nuclease cleavage  



Programmable DNA scissors 

Source: lbl.gov; Programmable DNA scissors: A double-RNA structure in the bacterial immune system has been discovered that directs Cas9 protein to cleave and destroy 
invading DNA at specific nucleotide sequences. This same dual RNA structure should be programmable for genome editing. (Image by H. Adam Steinberg, artforscience.com) 



RNA editing with CRISPR/Cas9 using RCas9 

Figure and text: Connell & Doudna et al: Programmable RNA recognition and cleavage by CRISPR/Cas9; Nature (2014) 516, 263–266  
http://www.nature.com/nature/journal/v516/n7530/full/nature13769.html 

RNA-guided Cas9 cleaves single stranded RNA (ssRNA) 
targets in the presence of a short PAMpresenting DNA 
oligonucleotide (PAMmer) 
 
Requires only synthesis of a matching gRNA and 
complementary PAMmer and does not require affinity tags 
 



Who are the actors in the  

CRISPR/Cas9 patent war? 

*** Patents, Business, Legacy 

Picture: Pixabay and MS Office 



Timeline 

 Figure: Hsu, Lander, Zhang: Development and Applications of CRISPR-Cas9 for Genome Engineering; Cell 157, June 5, 2014 



Main Actors in CRISPR/CAS9 
patent war* 

(*) Ignores many other researchers and inventors,  
such as George Church (Harvard), Philippe Horvath, Rodolphe Barrangou (Danisco/Dupont) 

Photo sources: Investigator websites 

Read: Antonio Regalado @ Technologyreview.com: Who Owns the Biggest Biotech Discovery of the Century? 



WIPO Patents for CRISPR 2015 
by country, applicant and inventor 

Source: http://patentscope.wipo.int/search 

Rows are not related  



Companies 

Harvard, Broad, ERS LIC Broad LIC Broad LIC Broad, Caribou LIC Broad LIC 

Broad LIC 



Application examples 

 Source: Hsu, Lander, Zhang: Development and Applications of CRISPR-Cas9 for Genome Engineering; Cell 157, June 5, 2014 



Problems, problems, problems 

Variable DNA cleavage 
efficiencies 
 

Off-target effects and 
unintended DNA cleavage 

 
inter- and intrachromosomal  
rearrangement 

Chen et al. Dual sgRNA-directed gene knockout using CRISPR/Cas9 technology in Caenorhabditis elegans;  
Smith et al: Whole-Genome Sequencing Analysis Reveals High Specificity of CRISPR/Cas9 and TALEN-Based Genome Editing in Human iPSCs 
Ranganathan: Expansion of the CRISPR-Cas9 genome targeting space through the use of H1 promoter-expressed guide RNAs 
Mali et al:  CAS9 transcriptional activators for target specificity screening and paired nickases for cooperative genome engineering.  

Check with whole  
genome sequencing 

paired nickases  
(single-strand DNA break) 
double-nicking 

Delivery to cells in humans 

Via stem cells 

Via liposomes 

       modified Cas9 variants 
    paired nicking 
modified sgRNAs 

Use DBS and Cas9 
to correct 

lentivirus vectors 



Liposome delivery method 

Source: Harvard University:  http://news.harvard.edu/gazette/story/2014/11/toward-genetic-editing/   
John A Zuris et.al (2015): Cationic lipid-mediated delivery of proteins enables efficient protein-based genome editing in vitro and in vivo 
Nature Biotechnology 33, 73–80 (2015) 

Cre recombinase (+11) Tale protein (+4) Cas9 (+22) 
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Software and databases  

CasFinder 

Figures: Software websites and publications  



Companies offering CRISPR/Cas9 services 

...vibrant development  
   and many many more 

Source: Google Adword search for CRISPR/Cas9 



Things that changed everything 

 

Figures: www.opte.org; Pixabay.com and Wikipedia 



The future of CRISPR/Cas9 
 

+ multiplexed genome editing targeting multiple sites 

Source: Jennifer A. Doudna and Emmanuelle Charpentier; The new frontier of genome engineering with CRISPR-Cas9; ScienceMag 2014 • VOL 346 ISSUE 6213  



Thank you! 


