Setting the stage,
where do we stand today with
CRISPR technology
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Plain CRISPR
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The CRISPR Mechanism
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Programmable DNA cleavage

R. Barrangou P. Horvath V. Siksnys

”.. to exploit the system for RNA-programmable genome editing”
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E. Charpentier J. Doudna



CRISPR-Cas9 delivery




Genome Editing

Target DNA
DNA Repair

Yue Mei, et al. Journal of Genetics and Genomics, Volume 43, Issue 2, 2016, 63—75



Genome Editing
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Yue Mei, et al. Journal of Genetics and Genomics, Volume 43, Issue 2, 2016, 63—75



Genome Editing

L. Marraffimi

F. Zhang

G. Church



# PUBLICATIONS

TALENs , ZFN et al. Superseded by CRISPR

1000 ~

900 A

—Genome Editing + CRISPR
800 1 —Genome Editing + TALEN
—Genome Editing + ZFNs

700 A
600 -
500 -
400 A

300

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

YEAR






"CRISPR-edited” organisms

Bacteria

Protozoa. Leishmania, Toxoplasma, Plasmodium, Trypanosoma...

Fungi: yeasts, molds, mushroom

Plants:
Rice
Soybean
Tomato
Grapefruit

Lettuce

Orange
Corn
Tobacco
Petunia

Cucumber

Wheat
Potato
Arabidopsis
Cotton

Sorghum



"CRISPR-edited” organisms

‘Worms
‘Insects
*Reptiles
-Amphibians
*Molluscs
*Fish

*Birds

‘Mammals: mouse, rabbit, goat, rat, dog, pig, primate...



Targeting Disease

Cancer
Malaria
Albinism
Cataracts
Hemophilia
Cystic fibrosis
B-thalassemia
Retinitis Pigmentosa
Hypercholestorolemia
Neurodegenerative disorders
Duchenne Muscular Dystrophy
Viral infections (HV, HBV, HPV, HIV...




Editing Human Embryos







Clinical Trials with CRISPR

https://clinicaltrials.gov/ct2/results?cond=&term=crispr&cntry=&state=&city=&dist=



Guide RNA

Reported Cas9 variants and orthologues

Origin

Primary PAM

IIITIIIII
Cas9
No PAM
Table 2
Name
Guide RNA SpCasd
SpCas9-VQR

SpCas9-VRER
eSpCas9 (1.1)
NmCas9
St1Cas9
SaCas9
AsCpfl
BlCas9

Cas9

Streptococcus pyogenes
Engineered

Engineered

Engineered

Neisseria meningitidis
Streptococcus thermophiles
Staphylococcus aureus
Acidaminococcus sp. BV3L6

Brevibacillus laterosporus

NGG (3’ to protospacer)”
NGAG (3’ to protospacer)
NGCG (3’ to protospacer)

NGG (3’ to protospacer)
NNNNGATT (3’ to protospacer)
NNAGAA (3’ to protospacer)
NNGGGT (3’ to protospacer)
TTTN (5 to protospacer)
NNNNCNAA (3 to protospacer)

Zhang, D., et al., Journal of Genetics and Genomics (2016)
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Guide RNA
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Guide RNA
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On-Target Variations

Seruggia et al. 2015 NAR
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