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Gene knockout or replacement

The expanding CRISPR toolbox

Josh Tycko'?*, Gaelen T Hess*?#, Edwin E Jeng'™*, Michael Dubreuil*** & Michael C Bassik*?

The CRISPR-Cas9 genome-editing system has taken the world of
biomedical science by storm. Initially, researchers used nuclease-active
CRISPR-Cas9 to knock out or replace genes through either disruptive or
precise genome edits. The CRISPR toolbox expanded with the development
of nuclease-inactive dCas9, which recruits protein effectors that modulate
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gene expression, often by writing or removing epigenetic marks on DNA
and histones. Most recently, base editors have increased the efficiency of
CRISPR-targeted base substitutions for both precision editing and localized
sequence diversification. This expanding toolbox has enabled site-specific
genetic and epigenetic manipulation in a wide array of organisms.

CRISPRa

A Horizon Discovery Group Company

SAM

The creation of gene knockouts is one of the first and dCas9 can be fused to transcriptional VP64 |
most widely used applications of the CRISPR-Cas9 system. Cas9 activators (CRISPRa)®%* or repressors 065 VPR SUNtag
Nuclease-active Cas9 creates a double-strand break at the 9 (CRISPRi)5 to precisely and robustly HgET |
single guide RNA (sgRNA)-targeted locus'-®. These breaks modulate gene expression. As with nuclease- Rta &52 VP64
can be repaired by homologous recombination (HR), which Single active Cas9, these technologies can be used e ——
dsDNA can be used to introduce new mutations’. When the guide RNA for pooled genetic screening to interrogate dCas9 dCas9 VP64 dCas9
double-strand break is repaired by the error-prone gene function at a genome-wide scale.
nonhomologous end joining (NHEJ) process, indels are
introduced which can produce frame shifts and stop /I ) RNA scFV-
dons, leading to functional knockout of th S EREEy T ;
codons, leading to functional knockout of the gene. W W epitope
recruitment
NHEJ Sl e HR — g™ SN—
5 @e [%--3’ Repair 5 3 R l
¥ "%] mos temple FE\SOS i Epigenome editing CRISPRi j
+ + dCas9 can be fused to epigenetic effector domains to facilitate O O KRAB )
5 3 5 3 targeted epigenome editing. These effectors can write or erase ~\ =
g MR > 3 Precise gene > histone modifications, or they can modulate DNA methylation. \» dCas9
mutation stop codon editing Epigenome editing can be used to transiently or stably activate or C =
DNMT3a T. It 1 repress specific genes. Chromatin modifiers that have been used SRlERIESS0rS
/ KRAB a i€ this way include p300 HAT (increases H3K27ac)'®, SID4x &
— DOTIL (decreases H3K27ac)?, LSD1 (decreases H3K4me)'®, KRAB
Histone/DNA (increases H3K9me3)**, PRDM9 (increases H3K4me3)™, and DOT1L {
modifvin ~—_ - (increases H3K79me3)?°2!, DNA methylation enzymes include Tetl
Q enzy?lneg \ ERDMIALODI (decreases meCpG)?? and DNMT3a (increases meCpG)?24. Ac Me o
1
p300 SID4x L V
dCas9 & l ea L Hak7ome H3K9me DN@me
H3K27ac s Me
Ac Me
Chromosomes
Histones
C > T editing Diverse point
mutations i et
B diti BE3 or Target-AID Uracil DNA TAM
ase editing glycosylase MS2-AID*A CRISPR i .
dCas9 or Cas9 nickase (nCas9) can be fused to cytidine deaminases to induce substitutions or inhibitor 1maging
base edits without inducing double-strand breaks, and this approach thus minimizes indels. . MS2 dCas9 fused to one or more GEP
Deaminases combined with Cas9 nickase and uracil DNA glycosylase inhibitors can make Nickase AID-O!Cas9 dCas9 fluorescent molecules can dCaso
precise edits, changing cytidine to thymidine with high efficiency®-%. Alternatively, larger Cas9 fusion dynamically track specific DNA
windows can be semirandomly mutated by deaminase recruited to nCas9 (TAM)? or to the loci in living cells®-%.
sgRNA (CRISPR-X)*® to generate libraries of in-frame genetic variants. These diverse
populations of point mutants can be subjected to selection to evolve new phenotypic variants.
Repair  Stop Diversification
--rr||TTr Cytidine deaminase AID T
CTG CAG (rAPOBEC1, PmCDAT1) C T G
* T G %’ A G l I I l l l l l l I I l I I l l l I l I l l (T,X,G)T G
|| *« K 20 S i

References

strengthened our RNAi portfolio with genome-
wide vector-based shRNA and overexpression
research tools. Today, our gene modulation
research tools have expanded to include
CRISPR-Cas9 gene editing reagents. We
launched the very first synthetic CRISPR-Cas9
guide RNAs, and now offer one of the most
comprehensive CRISPR gene editing portfolios
in the industry, including the first arrayed
synthetic CRISPR RNA whole human genome
library. Our gene editing products include
predesigned genome-wide lentiviral and

synthetic guide RNA reagents designed by
a validated algorithm, Cas9 nucleases, and
design tools & kits for homology-directed
repair. We have a well-established history
of supporting the global genomics research
community and we remain focused on the
development and support of innovative,
effective tools for the greater research
community.

Contact details: Dharmacon, 2650 Crescent
Drive, Suite 100, Lafayette, CO 80026, USA.
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Dharmacon revolutionized the field of RNA
synthesis in 1995 with the introduction of
2'-ACE synthesis chemistry and has been
supporting the RNA and gene modulation
research community for over 20 years.
Dharmacon was an early participant in the

RNA interference field and published key
scientific contributions to the biological
mechanism and research tool design and
established market leadership with our siRNA
platform. The acquisition of Open Biosystems

. Cong, L. et al. Multiplex genome engineering using CRISPR/Cas systems. Science

339, 819-823 (2013).

. Mali, P. et al. RNA-guided human genome engineering via Cas9. Science 339,

823-826 (2013).

. Jinek, M. et al. RNA-programmed genome editing in human cells. elife 2,

e00471 (2013).

. Fu, Y., Sander, J.D., Reyon, D., Cascio, V.M. & Joung, J.K. Improving CRISPR-Cas
nuclease specificity using truncated guide RNAs. Nat. Biotechnol. 32, 279-284 (2014).
. Kleinstiver, B.P. et al. High-fidelity CRISPR-Cas9 nucleases with no detectable

genome-wide off-target effects. Nature 529, 490-495 (2016).

. Slaymaker, I.M. et al. Rationally engineered Cas9 nucleases with improved

specificity. Science 351, 84-88 (2016).

. Richardson, C.D., Ray, G.J., DeWitt, M.A., Curie, G.L. & Corn, J.E. Enhancing

homology-directed genome editing by catalytically active and inactive CRISPR-
Cas9 using asymmetric donor DNA. Nat. Biotechnol. 34, 339-344 (2016).

. Gilbert, L.A. et al. CRISPR-mediated modular RNA-guided regulation of

transcription in eukaryotes. Cell 154, 442-451 (2013).

. Tanenbaum, M.E., Gilbert, L.A., Qi, L.S., Weissman, J.S. & Vale, R.D. A protein-

tagging system for signal amplification in gene expression and fluorescence
imaging. Cell 159, 635-646 (2014).

. Konermann, S. et al. Genome-scale transcriptional activation by an engineered

CRISPR-Cas9 complex. Nature 517, 583-588 (2015).

. Chavez, A. et al. Highly efficient Cas9-mediated transcriptional programming.

Nat. Methods 12, 326-328 (2015).

. Mali, P., Esvelt, K.M. & Church, G.M. Cas9 as a versatile tool for engineering

biology. Nat. Methods 10, 957-963 (2013).

. Zalatan, J.G. et al. Engineering complex synthetic transcriptional programs with

CRISPR RNA scaffolds. Cell 160, 339-350 (2015).

. Qi, LS. et al. Repurposing CRISPR as an RNA-guided platform for sequence-

specific control of gene expression. Cell 152, 1173-1183 (2013).

. Gilbert, L.A. et al. CRISPR-mediated modular RNA-guided regulation of

transcription in eukaryotes. Cell 154, 442-451 (2013).

. Hilton, 1.B. et al. Epigenome editing by a CRISPR-Cas9-based acetyltransferase
activates genes from promoters and enhancers. Nat. Biotechnol. 33, 510-517 (2015).

. Konerman, S. et al. Optical control of mammalian endogenous transcription and

epigenetic states. Nature 500, 472-476 (2013).

. Kearns, N.A. et al. Functional annotation of native enhancers with a Cas9-

histone demethylase fusion. Nat. Methods 12, 401-403 (2015).

. Cano-Rodriguez, D. et al. Writing of H3K4Me3 overcomes epigenetic silencing in

a sustained but context-dependent manner. Nat. Commun. 7, 12284 (2016).

. Lei, Y. et al. Targeted DNA methylation in vivo using an engineered dCas9-MQ1

fusion protein. Nat. Commun. 8, 16026 (2017).

. Kwon, D.Y., Zhao, Y.T., Lamonica, J.M. & Zhou, Z. Locus-specific histone deacetylation

using a synthetic CRISPR-Cas9-based HDAC. Nat. Commun. 8, 15315 (2017).

. Liu, X.S. et al. Editing DNA methylation in the mammalian genome. Cell 167,

233-247.¢17 (2016).

. Vojta, A. et al. Repurposing the CRISPR-Cas9 system for targeted DNA

methylation. Nucleic Acids Res. 44, 5615-5628 (2016).

. Stepper, P. et al. Efficient targeted DNA methylation with chimeric dCas9-

Dnmt3a-Dnmt3L methyltransferase. Nucleic Acids Res. 45, 1703-1713 (2017).

. Komor, A.C., Kim, Y.B., Packer, M.S., Zuris, J.A. & Liu, D.R. Programmable editing

of a target base in genomic DNA without double-stranded DNA cleavage. Nature

533, 420-424 (2016).

. Nishida, K. et al. Targeted nucleotide editing using hybrid prokaryotic and
vertebrate adaptive immune systems. Science 353, 6305 (2016).

. Kim, Y.B. et al. Increasing the genome-targeting scope and precision of base
editing with engineered Cas9-cytidine deaminase fusions. Nat. Biotechnol. 35,
371-376 (2017).

. Kuscu, C. et al. CRISPR-STOP: gene silencing through base-editing-induced
nonsense mutations. Nat. Methods 14, 710-712 (2017).

. Ma, Y. et al. Targeted AID-mediated mutagenesis (TAM) enables efficient genomic
diversification in mammalian cells. Nat. Methods 13, 1029-1035 (2016).

. Hess, G.T. et al. Directed evolution using dCas9-targeted somatic hypermutation
in mammalian cells. Nat. Methods 13, 1036-1042 (2016).

. Chen, B. et al. Dynamic imaging of genomic loci in living human cells by an
optimized CRISPR/Cas system. Cell 155, 1479-1491 (2013).

. Ma, H. et al. Multiplexed labeling of genomic loci with dCas9 and engineered
sgRNAs using CRISPRainbow. Nat. Biotechnol. 34, 528-530 (2016).

. Deng, W., Shi, X., Tjian, R., Lionnet, T. & Singer, R.H. CASFISH: CRISPR/Cas9-
mediated in situ labeling of genomic loci in fixed cells. Proc. Natl. Acad. Sci. USA

112, 11870-11875 (2015).

34. Shao, S. et al. Long-term dual-color tracking of genomic loci by modified
sgRNAs of the CRISPR/Cas9 system. Nucleic Acids Res. 44, e86 (2016).

35. Fu, Y. et al. CRISPR-dCas9 and sgRNA scaffolds enable dual-colour live imaging
of satellite sequences and repeat-enriched individual loci. Nat. Commun. 7,
11707 (2016).

‘Department of Genetics, Stanford University, 2Chemistry, Engineering, and

Medicine for Human Health (ChEM-H), Stanford University, 3Program in
Cancer Biology, Stanford University, Stanford, California, USA. “These
authors contributed equally to this work.

Edited by Nicole Rusk; copyedited by Carolyn Farnsworth; designed by
Katie Vicari and Erin Dewalt.

©2017 Nature America, Inc., part of Springer Nature.

www.nature.com/nmeth/focus/crisprtoolbox/index.html




