Cellecta
Cellecta is a leading provider of genomic products and services. Our functional genomics portfolio includes gene
knockout and knockdown screens, custom and genome-wide CRISPR, RNAi and barcode libraries; construct services,
cell engineering, spatial profiling, and targeted RNA expression profiling products and services.

10x Genomics

Functional Genomics at
Single Cell Resolution
Chromium Single Cell CRISPR Screening

YOUR INPUT

References

Investigate the complexity of development, disease, and gene function
by analyzing tens to thousands of perturbations at once.
• Link CRISPR edits to single cell phenotypes with direct capture of guide RNAs
• Scale CRISPR screens by simultaneously assessing hundreds of edits in tens
of thousands of single cells
• Reduce time to results from weeks to days with streamlined workflows

10xgenomics.com/products/single-cell-crispr-screening

AD

What is your superpower? Gene functional analysis is ours.

10x Genomics builds solutions to interrogate biological systems at a resolution and scale that matches the complexity
of biology. Our rapidly expanding suite of products, which include instruments, consumables, and software, have
enabled customers to make fundamental discoveries across multiple research areas, including cancer, immunology,
and neuroscience.

1.

P.D. Hsu et al., “Development and applications of CRISPR-Cas9 for
genome engineering,” Cell, 157(6):1262-78, 2014.

20.

D.A. Nelles et al., “Programmable RNA tracking in live cells with CRISPR/
Cas9,” Cell, 165(2):488-96, 2016.

2.

A. Pickar-Oliver, C.A. Gersbach, “The next generation of CRISPR-Cas
technologies and applications,” Nat Rev Mol Cell Biol, 20(8):490-507, 2019.

21.

3.

M. Jinek et al., “A programmable dual-RNA-guided DNA endonuclease in
adaptive bacterial immunity,” Science, 337(6096):816-21, 2012.

G. Dugar et al., “CRISPR RNA-dependent binding and cleavage of
endogenous RNAs by the Campylobacter jejuni Cas9,” Mol Cell,
69(5):893-905, 2018.

22.

F.J. Mojica et al., “Short motif sequences determine the targets of the
prokaryotic CRISPR defence system,” Microbiology, 155(Pt 3):733-40, 2009.

T.R. Sampson et al., “A CRISPR/Cas system mediates bacterial innate
immune evasion and virulence,” Nature, 497(7448):254-57, 2013.

23.

P.I. Thakore et al., “Editing the epigenome: technologies for
programmable transcription and epigenetic modulation,” Nat Methods,
13(2):127-37, 2016.

4.
5.

B.P. Kleinstiver et al., “Engineered CRISPR-Cas9 nucleases with altered
PAM specificities,” Nature, 523(7561):481-85, 2015.

6.

J.H. Hu et al., “Evolved Cas9 variants with broad PAM compatibility and
high DNA specificity,” Nature, 556(7699):57-63, 2018.

7.

D.D. Kocak et al., “Increasing the specificity of CRISPR systems with
engineered RNA secondary structures,” Nat Biotechnol, 37(6):657-66, 2019.

8.

B. Zetsche et al., “Multiplex gene editing by CRISPR-Cpf1 using a single
crRNA array,” Nat Biotechnol, 35(1):31-34, 2017.

9.

B.P. Kleinstiver et al., “Engineered CRISPR–Cas12a variants with increased
activities and improved targeting ranges for gene, epigenetic and base
editing,” Nat Biotechnol, 37(3):276-82, 2019.

10.

L. Gao et al., “Engineered Cpf1 variants with altered PAM specificities,”
Nat Biotechnol, 35(8):789-92, 2017.

11.

M.M. Jore et al., “Structural basis for CRISPR RNA-guided DNA
recognition by Cascade,” Nat Struct Mol Biol, 18(5):529-36, 2011.

12.

M.L. Hochstrasser et al., “CasA mediates Cas3- catalyzed target
degradation during CRISPR RNA-guided interference,” PNAS, 111
(18):6618-23, 2014.

13.

R.P. Hayes et al., “Structural basis for promiscuous PAM recognition in
type I-E Cascade from E. coli,” Nature, 530(7591):499-503, 2016.

14.

E.R. Westra et al., “CRISPR immunity relies on the consecutive binding
and degradation of negatively supercoiled invader DNA by Cascade and
Cas3,” Mol Cell, 46(5):595-605, 2012.

15.

O.O. Abudayyeh et al., “C2c2 is a single-component programmable RNAguided RNA-targeting CRISPR effector,” Science, 353(6299):aaf5573, 2016.

16.

J.S. Gootenberg et al., “Nucleic acid detection with CRISPR-Cas13a/C2c2,”
Science, 356(6336):438-42, 2017.

BY SCIENTISTS FOR SCIENTISTS

17.

The Scientist Speaks is a new podcast produced by The Scientist’s
Creative Services Team. Once a month, we bring you the stories behind
news-worthy molecular biology research.

J.S. Gootenberg et al., “Multiplexed and portable nucleic acid detection
platform with Cas13, Cas12a, and Csm6,” Science, 360(6387):439-44, 2018.

18.

D.B.T. Cox et al., “RNA editing with CRISPR-Cas13,” Science, 358(6366):101927, 2017.

19.

M.R. O’Connell et al., “Programmable RNA recognition and cleavage by
CRISPR/Cas9,” Nature, 516(7530):263-66, 2014.

PODCAST

LISTEN TO THE FIRST EPISODE AT

the-scientist.com/TSS-episode-1

24.

L.S. Qi et al., “Repurposing CRISPR as an RNA-guided platform for
sequence-specific control of gene expression,” Cell, 152(5):1173-83, 2013.

25.

J.F. Margolin et al., “Krüppel-associated boxes are potent transcriptional
repression domains,” PNAS, 91(10):4509-13, 1994.

26.

L.A. Gilbert et al., “CRISPR-mediated modular RNA-guided regulation of
transcription in eukaryotes,” Cell, 154(2):442-51, 2013.

27.

M.L. Maeder et al., “CRISPR RNA-guided activation of endogenous
human genes,” Nat Methods, 10(10):977-79 (2013).

28.

A.W. Cheng et al., “Multiplexed activation of endogenous genes by
CRISPR-on, an RNA-guided transcriptional activator system,” Cell Res,
23(10):1163-71, 2013.

29.

J.B. Black, C.A. Gersbach, “Synthetic transcription factors for cell fate
reprogramming,” Curr Opin Genet Dev, 52:13-21, 2018.

30.

L.E. Dow et al., “Inducible in vivo genome editing with CRISPR-Cas9,” Nat
Biotechnol, 33(4):390-94, 2015.

31.

M.A. Mandegar et al., “CRISPR interference efficiently induces specific
and reversible gene silencing in human iPSCs,” Cell Stem Cell, 18(4) 54153, 2016.

32.

Y. Nihongaki et al., “CRISPR-Cas9-based photoactivatable transcription
systems to induce neuronal differentiation,” Nat Methods, 14(10):963-66,
2017.

33.

Q. Ding et al., “Permanent alteration of PCSK9 with in vivo CRISPR-Cas9
genome editing,” Circ Res, 115(5):488-92, 2014.

34.

J.F. Miller, M. Sadelain, “The journey from discoveries in fundamental
immunology to cancer immunotherapy,” Cancer Cell, 27(4):439-49, 2015.

35.

J. Ren et al., “A versatile system for rapid multiplex genome-edited CAR
T cell generation,” Oncotarget, 8(10):17002-11, 2017.

36.

C.E. Nelson et al., “Long-term evaluation of AAV-CRISPR genome editing
for Duchenne muscular dystrophy,” Nat Med, 25(3):427-32, 2019.

Cell or Animal Models
Biological Samples

YOUR BRIDGE TO DISCOVERY
• CRISPR / RNAi Libraries & Genetic Screens
• DriverMap™ Targeted RNA Expression Proﬁling
• CloneTracker™ Barcode Libraries

YOUR RESULTS

Functionally Important Genes
& Biomarkers

Real expertise delivering outstanding results. Visit cellecta.com today.
We can power your discovery efforts.
www.cellecta.com info@cellecta.com

+1 877-938-3910 or +1 650-938-3910
© 2021 Cellecta, Inc. 320 Logue Ave. Mountain View, CA 94043 USA

LIKE US ON
FACEBOOK

CRISPR-Cas:

The Next Generation

Did you know that more than
2 million people follow The Scientist
on Facebook? Like our page to see
the latest news, videos, infographics,
and more, right in your news feed.

facebook.com/TheScientistMagazine

Cas9 (formerly known as Cas5, Csn1, or Csx12)

PAM
Spacer

gRNA

Cas12

(formerly known as Cpf1) 

PAM
Spacer

crRNA

Class 2 Type II

Cas9 was the first CRISPR associated protein
researchers used outside of prokaryotic cells, and it
is still the most commonly used genome editing tool
today.2,3 It uses a 20-nucleotide spacer and targets
the 5’-NGG (where N represents any nucleotide)
protospacer adjacent motif (PAM).3,4 As a type II
system, Cas9 generates double-stranded DNA
(dsDNA) cuts with blunt ends.
Researchers improved targeting by engineering
Cas9 variants. The 5’-NGG PAM limits target site
availability to roughly one per eight base pairs.1
Cas9 variants or orthologues that recognize
different or multiple PAMs—such as xCas9, which
recognizes 5’-NG, 5’-GAA, and 5’-GAT—overcome this
limitation.5,6 Engineering secondary structures in
guide RNA spacer regions also improves targeting
specificity, thereby creating a barrier to strand
invasion at off-target sites without overly affecting
on-target activity.7

Class 2 Type V
Cas12a is a type V system, which means that it
generates a staggered dsDNA cut with a 5’ overhang
and does not use a transactivating CRISPR RNA
(crRNA). This provides advantages in certain
situations, such as integrating DNA sequences in a
specific orientation. Cas12 can also generate its own
crRNAs by cleaving crRNA arrays, enabling scientists
to perform multiplex gene editing using only a single
crRNA array.8
The first endogenous Cas12a orthologues with
activity in mammalian cells recognize the PAM
sequence 5’-TTTV. Newer engineered variants not
only have higher editing activity for this canonical
TTTV sequence, but also recognize and act on other
PAMs including 5ʹ-TYCV, 5ʹ-VTTV, 5ʹ-TTTT, 5ʹ-TTCN,
and 5ʹ-TATV.9,10

Beyond On/Off:
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The Next Generation

Cas13 (formerly known as C2c2)

The development of CRISPR-Cas systems transformed genome
engineering. Driven by nucleic acid sequences, CRISPR-Cas
targeting made genetic manipulation much more accessible,
leading to a wide array of breakthroughs in basic, translational,
and medical science.1

Target RNA

The CRISPR-Cas success story has inspired scientists to
discover and create new CRISPR-Cas systems, including those
that can target RNA, epigenetic modifications, or chromatin
interactions. The next generation of CRISPR-Cas systems
expands the power and potential of CRISPR-Cas, improving
biological understanding and inching closer to the ultimate
goal of clinical use. 2

crRNA

Cascade-Cas3 

Class 2 Type VI
Unlike most other Cas proteins, Cas13a is an RNAguided RNA-targeting nuclease that activates upon
recognition of ssRNA target sequences.15 After target
binding, Cas13a cuts at uracil bases anywhere in
the local vicinity, potentially collaterally cleaving
nearby, untargeted RNAs. Researchers used this to
create a molecular detection platform aptly named
SHERLOCK, where collateral RNA cleavage releases
a reporter signal.16 SHERLOCK detects viral and
bacterial pathogens, discriminates between singlenucleotide polymorphisms in the human genome,
and identifies cell-free, mutated tumor DNA.16,17
Beyond imaging, Cas13 has also been adapted for
single-base RNA editing. Consisting of a catalytically
deficient Cas13 (dCas13) fused to adenosine
deaminase, the REPAIR system makes directed
adenosine-to-inosine edits in eukaryotic cells.18
dCas13 can also be fused with other RNA editing
domains to enable cytidine-to-uridine editing.2

Class 1 Type 1

CRISPR-Cas9 regulates gene function by serving as a DNA
recognition complex rather than as a targeted nuclease.23 For
example, binding catalytically deficient Cas9 (dCas9) to DNA
elements creates gene silencing steric CRISPR interference
(CRISPRi) that hinders RNA polymerases.24 Additionally tethering
dCas9 to transcription repressor domains enhances this effect.25
The reverse is also possible: fusing dCas9 to activator effectors
results in programmed transcription activation, or CRISPR
activation (CRISPRa).26 This enables researchers to direct synergistic
gene activation by using CRISPRa with synthetic transcription
factors or combining different activator domains, an important feature
for cellular reprograming.27-29 dCas9-based tools also enable targeted
epigenetic modifications such as the acetylation and methylation of histones
and methylation of DNA.23
Cas9 function can be dynamically controlled. Chemical compounds or light, for example, can activate Cas9
expression through inducible promoters. Scientists use this approach to generate animal models for research
where timed gene knockout is desired or necessary.30 Inducible Cas9 function gives researchers efficient,
tunable, and reversible disease modeling capability and helps shed light on stem cell differentiation and
development mechanisms.31,32
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Cascade is a multimeric DNA-targeting complex that binds DNA via PAM and spacer recognition and then
recruits Cas3 to generate a single-strand nick, followed by 3ʹ to 5ʹ degradation of the targeted DNA.11,12
Cascade recognizes more PAM sequences than other Cas proteins, giving the Cascade-Cas3 system greater
target site flexibility.13 Researchers are looking to Cas3’s unique cutting mechanism as a antimicrobial tool,
given that Cas3 is endogenously essential for the degradation of foreign DNA in prokaryotes.14

Modifying Cas9
Cas9 normally targets dsDNA, but it can also target single-stranded (ss) nucleic acids if PAMpresenting oligonucleotides (PAMmers) are used. PAMmers anneal to single stranded DNA or RNA,
thereby directing Cas9 to single-stranded targets.19 Termed ‘RCas9’ (RNA-targeting Cas9), this
system allows researchers to detect endogenous RNA without genetically encoded tags and to
control cellular processes at the transcript level through site-specific cleavage of ssRNA.19,20
A number of Cas9 orthologues, such as Campylobacter jejuni Cas9, also target RNA. C. jejuni Cas9
binds and cleaves endogenous RNAs without PAM guidance, while Francisella novicida Cas9
targets bacterial mRNA and alters gene expression.21,22 Researchers continue to study any potential
physiological consequences of Cas9 RNA targeting in eukaryotic cells.2

Rather than gene insertion/deletion, gene editing is now the main
focus for the CRISPR-Cas system.2 This has obvious implications
for genetic diseases caused by mutations, but editing may be a
valid strategy for restoring physiological states in more common,
complex diseases. For example, CRISPR-Cas9 disruption of the
cholesterol homeostasis gene Pcsk9 in mice reduced levels of
low-density lipoprotein cholesterol.33 CRISPR-Cas also modulates
cells ex vivo to create candidates for cell-based therapeutics. Gene
editing approaches have enhanced the properties of autologous T
cells for immunotherapy and immunoncology.34,35
Before CRISPR-Cas can fully transition into the clinic, scientists need
to overcome a number of obstacles. The biggest challenge lies in potential
off-target effects and immunogenicity. Optimizing guide RNA selection and screening
with greater sensitivity can address the former, while identifying and re-engineering immunogenic epitopes
may ameliorate the latter.2 Finally, adeno-associated viruses, the most popular delivery vector for CRISPRCas machinery, have limited capacity. Faced with this, researchers are investigating smaller Cas protein
orthologues as well as non-viral delivery methods such as lipid nanoparticles.36

