The expanding CRISPR toolbox
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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

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.
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The creation of gene knockouts is one of the first and
most widely used applications of the CRISPR–Cas9 system.
Nuclease-active Cas9 creates a double-strand break at the
single guide RNA (sgRNA)-targeted locus1–6. These breaks
can be repaired by homologous recombination (HR), which
Single
can be used to introduce new mutations7. When the
guide RNA
double-strand break is repaired by the error-prone
nonhomologous end joining (NHEJ) process, indels are
introduced which can produce frame shifts and stop
Spacer
codons, leading to functional knockout of the gene.

dCas9 can be fused to transcriptional
activators (CRISPRa)8–13 or repressors
(CRISPRi)14,15 to precisely and robustly
modulate gene expression. As with nucleaseactive Cas9, these technologies can be used
for pooled genetic screening to interrogate
gene function at a genome-wide scale.
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dCas9 can be fused to epigenetic effector domains to facilitate
targeted epigenome editing. These effectors can write or erase
histone modifications, or they can modulate DNA methylation.
Epigenome editing can be used to transiently or stably activate or
repress specific genes. Chromatin modifiers that have been used
this way include p300 HAT (increases H3K27ac)16, SID4x
(decreases H3K27ac)17, LSD1 (decreases H3K4me)18, KRAB
(increases H3K9me3)15, PRDM9 (increases H3K4me3)19, and DOT1L
(increases H3K79me3)20,21. DNA methylation enzymes include Tet1
(decreases meCpG)22 and DNMT3a (increases meCpG)23,24.
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dCas9 or Cas9 nickase (nCas9) can be fused to cytidine deaminases to induce substitutions or
base edits without inducing double-strand breaks, and this approach thus minimizes indels.
Deaminases combined with Cas9 nickase and uracil DNA glycosylase inhibitors can make
precise edits, changing cytidine to thymidine with high efficiency25–28. Alternatively, larger
windows can be semirandomly mutated by deaminase recruited to nCas9 (TAM)29 or to the
sgRNA (CRISPR-X)30 to generate libraries of in-frame genetic variants. These diverse
populations of point mutants can be subjected to selection to evolve new phenotypic variants.

Sponsor’s message — Dharmacon

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

strengthened our RNAi portfolio with genomewide 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
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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.
www.dharmacon.com
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