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The Discovery.....



https://www.linkedin.com/pulse/crispr-discovery-century-power-money-nobel-dreams-
macarena-fritz

“pedestrian zebra crossing-like”1990-2002

Francisco Mojica



• Clustered Regularly Interspaced Short
Palindormic Repeats (CRISPR)
• CRISPR associated proteins (Cas)

Unique to certain
prokaryotes and
not viruses nor
eukaryotes



Emmanuelle Charpentier &
Jennifer Doudna
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Biochemical studies of Cas 9 and CRISPR linked RNAs

Jinek et al. 2012, Science 337: 816-821 



Biochemical studies of Cas 9 and CRISPR linked RNAs

Jinek et al. 2012, Science 337: 816-821 

Cas9 cuts 3’ upstream of protospacer adjacent motif





Jinek et al. 2012, Science 337: 816-821 

crRNA and tracrRNA
can be merged into
one

Biochemical studies of Cas 9 and CRISPR linked RNAs



“A substantially truncated version of
the tracrRNA retaining nucleotides
23-48 of the native sequence was
capable of supporting robust dual-
RNA–guided Cas9-catalyzed DNA
Cleavage.”

Jinek et al. 2012, Science 337: 816-821 

Truncated tracrRNA

Biochemical studies of Cas 9 and CRISPR linked RNAs
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In vitro test



Streptococcus pyogenes Cas9 (SpCas9) = 1368 amino
acid nuclease



Feng Zhang
Broad Institute of 
MIT and Harvard

Programmable DNA binding domains

Voytas and Gao, 2014, Plos



Are there other smaller orthologues of Cas9 
present in nature?



Streptococcus pyogenes Cas9 (SpCas9) = 1368 amino
acid nuclease

Ran et. al. 2015, Nature  



All Cas9 works in vitro while only a few performs  in vivo

Ran  et. al. 2015, Nature  

In vitro

In vivo

prokaryotic CRISPR system can be harnessed 
into eukaryotic cells

Staphylococcus aureus Cas9 (SaCas9) = 1053
amino acid nuclease



Barrangou & Doudna

Nature 

Biotechnology, 2015



Off-targets!!





Can CRISR-Cas9 be more specific?



Ian M. Slaymaker

Linyi Gao

Feng ZhangBernd Zetsche



Hypothesis: Cas9 needs
to stabilize denatured
DNA strands

Slaymaker et al. 2016, Science



Slaymaker et al. 2016, Science

The positive amino acid residues were replaced with neutral ones
Eg. Arg, Lys replaced with Ala



Slaymaker et al. 2016, Science



Do we have other alternatives to Cas9 ?!



Zetsche et al., 2015, Cell



Yan et al. (unpublished)



Zetsche et al., 2015, Cell





Can CRISPR-Cas9 technology evade the stringent
and time consuming scrutiny of Bio-safety
regulation?!



Edited polyphenol

oxidase (PPO) — an

enzyme that causes

browning to stop

browning



The first CRISPR-Cas9 gene-edited
organism deemed to require no
regulatory review by USDA.

Yinong Yang



CRISPR-Cas9 for cotton genome editing



Positive test results of
CRISPR-Cas9
technology in Cotton




