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genetic mutations underlie many diseases 

sickle cell hemophilia Parkinson Alzhimer 

cystic 
fibrosis Parkinson Usher 

syndrome autism 

Huntington Lafora retinitis 
pigmentosa ALS 



understanding the complexity of genetic 
diseases and to develop new treatments 

require new tools 



Synthetic Biology: nature inspired engineering 





cctgcaggcagctgcgcgctcg
ctcgctcactgaggccgcccgg
gcaaagcccgggcgtcgggcga
cctttggtcgcccggcctcagt
gagcgagcgagcgcgcagagag
ggagtggccaactccatcacta
ggggttcctgcggcctctagag
gtaccaccggtgccaccatgaa
aaggaactacattctggggctg
gacatcgggattacaagcgtgg
ggtatgggattattgactatga
aacaagggacgtgatcgacgca
ggcgtcagactgttcaaggagg
ccaacgtggaaaacaatgaggg
acggagaagcaagaggggagcc
aggcgcctgaaacgacggagaa
ggcacagaatccagagggtgaa
gaaactgctgttcgattacaac 





operator 
(verb) 

gene 
(noun) 

terminator 
(punctuation) 

Mutations can result in: 
 
1. Errors in the operator 

 
2. Errors in the gene sequence 



operator 
(verb) 

gene 
(noun) 

terminator 
(punctuation) 

We need to 
 
1. Identify the function of genomic 

sequences and variations 
 

2. Develop ways to make corrections 



operator 
(verb) 

gene 
(noun) 

terminator 
(punctuation) 

Two roads diverged in a blue wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
To where it bent in the undergrowth; … 

R. Frost: “The Road Not Taken” 



operator 
(verb) 

gene 
(noun) 

terminator 
(punctuation) 

Two roads diverged in a          wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
To where it bent in the undergrowth; … 

R. Frost: “The Road Not Taken” 
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terminator 
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Two roads diverged in a yellow blue wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
To where it bent in the undergrowth; … 

R. Frost: “The Road Not Taken” 
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gene 
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terminator 
(punctuation) 

Two roads diverged in a yellow wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
To where it bent in the undergrowth; … 

R. Frost: “The Road Not Taken” 





Need to be able 
to recognize a 

specific location 
on the genome. 





Genome Editing Using Nucleases 

Presenter
Presentation Notes
The way this system works it as follows. For gene knock out studies, we will design a pair of site-specific nucleases to introduce a double strand break in the target gene. Following a double strand break, the cell’s intrinsic repair machinery will repair the DNA break using hon-homologus end joining. Because the process involves the removal of a few bases from the cut site, the end product is a frameshift in the desired gene.

The second possibility is much more powerful. If we provide a synthetic template with homology to the cut site, then we can introduce a mutation or insert a larger gene sequence. This can be used to knock in reporter genes or modulator genes.

The most promising technology for achieving this is the zinc finger nuclease technology. However, the knowledge for how to make this is held within a proprietary company and cost over $25k per pair. And we wanted to make something more open and accessible.



Existing approaches have been very challenging 

DNA-binding proteins such as “zinc 
fingers” and “TALEs” are difficult to tailor 

to recognize new DNA sequences 



Using yogurt bacteria to 
repair genetic mutation 







Developing CRISPR into a therapeutic agent 

Ran et al., in preparation 

Direct administration to specific disease 
tissue to mediate therapeutic gene 
modification. 

Presenter
Presentation Notes
Rudolf Jaenisch from the Whitehead

By delivering guide RNA into fertilized embryos, we were able directly generate mice in a few weeks with multiple genes knocked out all at once via NHEJ and HR. For comparison, to do the same thing using conventional approaches, this would’ve taken more than year.

Stanley Center.

Since this approach is very simple, we think that it can be used in any animal where we can manipulate the embryo.

--



New Therapies (example HIV) 
 
Introduce protective mutations (e.g. treating HIV by 
removing the CCR5 gene) 



Future Challenges Facing CRISPR as a 
Therapeutic Technology 
 
CRISPR is still a very new technology 
 
- Development of effective delivery systems 

 
- Careful evaluation of safety, efficacy 
 
- Establishing thoughtful regulations that will 

enable technological advancement 



http://www.genome-engineering.org 
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Luciano Marraffini 
 
Osamu Nureki 
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Xuebing Wu 
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Haoyi Wang 
 
Yi Zhang 
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Genome Perturbation 
Platform 
David Root 
John Doench 
Ella Hartenian 

Collaborators 

NIH Pioneer and TR01 awards, NSF, Keck, Gates, McKnight, Klingenstein, Merkin, 
Vallee,  and Damon Runyon Foundations; Bob Metcalfe, and Jane Pauley zlab.mit.edu 

Presenter
Presentation Notes
So, many people are excited about this work, The Broad is a really collaborative and supportive environment, and we are able to benefit from many interactions with other members of the Broad, MIT, and beyond. 

We are working on labeling multiple endogenous proteins with Alex in the Regev’s lab and creating gene deletion libraries with Jason in the Altshuler lab and the Blainey lab. We are also working on improving specificity with help from Phil Sharp’s lab, and tackling the problem of in vivo delivery with help from Anderson and Langer labs.

So with that I’d also like to thank other members of the Zhang lab; many people have contributed a lot to this work. Thank you very much.
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