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GENOME EDITING WITH 
DIRECT Cas9 RNP DELIVERY
DESIGN CONSIDERATIONS

Introduction
Originally discovered as a bacterial adaptive defense system, CRISPR-Cas9 uses antisense RNA 
remnants from past viral invasions combined with RNA-guided DNA cleavage to combat viral 
attack.1 The power of this  system for targeted genome editing was quickly recognized. It 
has been widely adopted in many fields of cell biology research to generate targeted loss-of-
function, gain-of-function, alternately regulated or protein-tagged gene mutations, whose 
function can then be studied in vitro or in model organisms.2 It also has therapeutic potential 
to correct disease-causing mutations, particularly when coupled with regenerative medicine 
using pluripotent stem cells. This system provides precisely targeted genome editing with high 
efficiency and relatively low cost, and has been heralded as a major technological advance 
toward clinical gene therapy.

The CRISPR-Cas9 system consists of RNA and protein components, which together form a ribonucleoprotein (RNP) complex (Figure 1). The 
wildtype Cas9 protein has DNA endonuclease activity, and makes double-strand cuts upstream to a protospacer adjacent motif (PAM) sequence 
in the target genome. S. pyogenes Cas9 recognizes the 3-nucleotide PAM site, NGG (where N is any nucleotide, followed by two guanines [G]), 
and cleaves between the third and fourth nucleotides 5’ to the PAM site.

Figure 1. RNP Complex Orientation with respect to target cut site and PAM site 
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PAM: Protospacer Adjacent Motif

Using the ArciTect™ CRISPR-Cas9 System
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Cancer Stem Cell Research
ALDEFLUOR™ and ALDHbr Cells
The ALDEFLUOR™ fluorescent reagent system (Catalog #01700) 
has supported more than 2000 publications by detecting 
Aldehyde Dehydrogenase-bright (ALDHbr) cells in over 80 distinct 
cell types.

ALDEFLUOR™ was originally designed to identify a unique 
population of human stem and progenitor hematopoietic 
cells that exhibit elevated levels of ALDH expression. 
ALDEFLUOR™ is a non-immunological reagent system that 
enables identification, quantification and isolation of viable 
cells based on intracellular ALDH activity levels, rather than on 
cell surface phenotype. The utility of ALDH activity as a marker 
to identify multipotential hematopoeitic stem and progenitor 
cells has subsequently been extended to other applications, 
where it has been recognised as a useful marker for putative 
stem and progenitor cells in a variety of healthy and cancerous 

VIDEO
The Basic FACS About ALDEFLUOR™ 
www.stemcell.com/BasicFACS

REFERENCES
Selected Cancer References 
www.stemcell.com/ALDreferences

Why Use ALDEFLUOR™?

• No antibodies required

• Can be used with multiple species and cell types

• Compatible with immunophenotyping

• Compatible with standard cell sorters or analyzers

• Has supported 2000+ publications

• Highly reproducible results

tissues. 

A selected list of publications using ALDEFLUOR™ for cancer 
research is available at www.stemcell.com/ALDreferences

ALDEFLUOR™ in Cancer Research
While not a universal marker for cancer stem cells in any tissue, 
ALDH activity has proven a useful marker for both normal and 
malignant cells with stem-like properties in a great variety 
of tissues. 11 Increased ALDH expression has been found 
in multiple myeloma and acute myeloid leukemia (AML),12-14 
prostate,15 colon,16,17 head and neck, 18,19 thyroid gland, 20 breast, 21-23 
liver, 24 ovarian, 25 cervical, 26  bladder,27  brain 28 and lung 29 cancers. 
Studies have also shown a correlation between the ALDH 
phenotype and poor prognosis in various cancers.

Figure 2. ALDEFLUOR ™ is compatible with a variety of cell types, 
including cancer cell lines and primary tissue samples. (A) S KBR3 
breast cancer cells stained with ALDEFLUOR™. (B) Primary normal 
human mammary epithelial samples stained with ALDEFLUOR™. 
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PRODUCT APPLICATION CATALOG #

EpiCult™-B (Human)

Colony-forming cell 
assay for differential 
assessment of 
progenitor content 

05601

EpiCult™-B (Mouse) 
Colony-forming cell 
assay for assessment of 
progenitor content

05610

EpiCult™-C (Human) 

Short-term culture 
of primary human 
mammary epithelial 
cells

05630

MammoCult™

Generation of robust 
human mammospheres 
and tumorspheres in 
optimized and defined 
culture conditions

05620

ALDEFLUOR™

Identification, 
enumeration and 
isolation of viable 
normal and cancer cells 
on the basis of their 
ALDH activity

01700

Understanding the organization of the mammary epithelial 
cell hierarchy is important for identifying the cell-of-origin 
for different types of human breast tumours, characterizing 
the cells that drive tumor growth, and understanding how 
different oncogenic mutations influence homeostasis within 
the normal mammary epithelium. Adherent and non-adherent 
in vitro colony-forming assays are valuable approaches for 
interrogating the functional heterogeneity present within normal 
human and mouse mammary tissue, within mammary tissue of 
genetically modified mice, and human breast tumor samples. 

Culture and assay normal and malignant mammary cells 
using the defined MammoCult™ and EpiCult™ cell culture 
media. EpiCult™ media support the growth of human- and 
mouse-derived mammary epithelial cells in adherent culture. 
MammoCult™ is the most-published commercially-available 
medium for culture of human mammospheres derived from 
normal human mammary tissue and tumorsphere formation 
from multiple breast cancer cell lines.

Breast Cancer Research

Products for the Assay and Culture of 
Primary Mammary Progenitor Cells

Mammary Epithelial Colony 
and Sphere Images

Normal Human Pure Myoepithelial Cell 
Colony

Normal Human Mixed-Lineage 
Colony

Normal Human Pure Luminal Cell 
Colony

Examples of Colonies Derived From Human 
and Mouse Mammary Epithelial Progenitors

Normal Mouse Mammary Epithelial 
Colony

Mammospheres from Primary Normal 
Human Mammary Epithelial Cells

Tumorspheres from MCF7  
Human Breast Cancer Cell Line

WALLCHART
SnapShot: Breast Cancer
www.stemcell.com/BreastCancerWallchart

MammoCult™ can be used to culture tumorspheres 
from primary breast cancer tissue and a variety of 
breast cancer cell lines including MCF7, MCF10A, 
SKBR3, MDA-MB-231, AU565, SUM149 and BT474. 
Learn more at www.stemcell.com/MammoCult .
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GENOME EDITING WITH DIRECT Cas9 RNP DELIVERY DESIGN CONSIDERATIONS

Types of Genome Editing
A variety of editing approaches can be employed to achieve 
different types of mutational outcomes. Loss-of-function or 
“knockout” mutations require complete destruction of gene 
function, which can be obtained from a variety of possible 
insertional or deletional events at the start of the coding sequence. 
Conversely, corrective point mutations require extremely precise 
changes. Knock-in mutations, often employed to mark genomic loci 
and/or track expression patterns, require the addition of exogenous 
DNA. In this section we summarize the different editing techniques 
used and how their results vary.

Knockout mutations are typically generated by a process known as 
non-homologous end joining (NHEJ). In this method, CRISPR-Cas9 
is used to create a targeted a double-strand DNA break in the gene 
of interest. The cell will repair the blunt-end break, using intrinsic 
DNA repair processes. The repair processes are error-prone, and 
often lead to the formation of small insertions or deletions (INDELs) 
that can result in truncated proteins. Alternatively, one might use 
CRISPR-Cas9 to generate double-strand breaks at two sites within 
the gene, thereby creating a large deletion spanning the two 

crRNA Design
The crRNA is a critical component of CRISPR-Cas9 genome editing 
and requires careful design considerations as it will determine the 
precise cut site of the Cas9 endonuclease. 

crRNA sequences typically have 20 base pairs of sequence 
homology with the intended genomic target, located immediately 
adjacent to a PAM site. Since the frequency of NGG PAM sites is 
approximately 5.21% in the human genome6, most genes will have 
multiple potential crRNA target sequences. Typically, at least 

The RNA component is required for specific target recognition, 
binding to an approximately 20 base pair complementary sequence 
in the genomic DNA. Full guide RNA activity comes from a duplex 
of two RNA molecules: a CRISPR RNA (crRNA) molecule, which 
is complementary to the target, and a transactivating CRISPR 
RNA (tracrRNA) molecule. The crRNA and tracrRNA molecules 
form a duplex via a short homologous region. Association of the 
crRNA:trRNA duplex with Cas9 causes a conformational change 
in the nuclease, allowing it to bind DNA at the nearby PAM site 
and implement the double-strand cut. Thus both complementarity 
to the crRNA and an adjacent PAM site are required for targeting 
Cas9-mediated cleaveage.

CRISPR-Cas9 genome editing has been widely adopted by the 
research community, and application of the technology has 
progressed rapidly. Previous CRISPR-Cas9 systems involved 
transfection or transduction of multiple engineered plasmid or viral 
vectors encoding the crRNA:tracrRNA and Cas9 components. The 
vectors often integrated permanently into the genome, whereupon 
their expression allowed the RNP to assemble inside the cell. These 
systems were prone to insertional mutagenesis, prolonged CRISPR-
Cas9 activity, and off-target mutational events.

Advances in recombinant protein and synthetic RNA production 
have made it possible to directly utilize the crRNA and tracrRNA 
molecules and the Cas9 protein. These can be formed into an RNP 
in vitro and then transfected directly into the cell. This RNP system 
is faster and easier to use, and results in less off-target events 
compared to plasmid or viral systems due to the transient nature of 
the editing molecules.

targets. Targeting the first or second coding exon will help to ensure 
complete loss of function.

NHEJ specificity can be increased through the use of Nickase 
Cas9. In this form of the protein, one active domain has been 
deactivated (via D10A mutation), resulting in only single-strand 
endonuclease activity.3 Nickase Cas9 cuts only the DNA strand that 
is complementary to the guide RNA. In order to affect a double-
strand cut, a second guide RNA must be designed to target the 
opposite strand. When two crRNAs in close proximity but targeting 
opposite strands are used, the result is an overhanging double-
strand cut. Because the probability of off-target sites with homology 
to both of the two target sequences is vastly reduced, this method 
produces fewer off-target mutational events. When Nickase is used, 
the target cut sites should be 50-70 base pairs apart, on opposite 
strands.  The two crRNAs should be oriented so that their respective 
PAM sites are facing towards the outside of the target region.  This 
will ensure double-strand breakage without RNP interference. While 
the Nickase method offers advantages, it is limited in the availability 
of two optimally spaced PAM sites at the target locus. 

Homology directed repair (HDR) results in more finely-tuned 
alterations. HDR employs exogenous DNA as a template to repair 
the genome after CRISPR-Cas9-induced cleavage. The introduced 
DNA includes stretches of homologous sequences, called homology 
arms, flanking an exogenous sequence containing the desired 
correction or genetic addition proximal to the targeted double-
strand break. The exogenous sequence will be integrated at the 
cleavage site, as the introduced DNA is used as a template during 
the repair process. 

Donor templates for HDR are selected based on the size of the 
desired insertion: for large inserts such as fluorescent proteins or 
selection cassettes, plasmids are typically used; for mutations of less 
than 50 base pairs, synthetic single-stranded DNA oligonucleotide 
(ssODN) templates can be utilized. With plasmids providing a 
large double-stranded DNA donor template, each homology arm 
should be at least 200 base pairs. Homology arms for short ssODN 
templates should be no less than 40 base pairs, but ideally in the 
range of 50 - 80 base pairs. Design the ssODN template with 
homology arms so it is about 100 - 200 base pairs in length with 
the Cas9 cut site at the center of the template.4, 5
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The ALDEFLUOR™ fluorescent reagent system (Catalog #01700) 
has supported more than 2000 publications by detecting 
Aldehyde Dehydrogenase-bright (ALDHbr) cells in over 80 distinct 
cell types.

ALDEFLUOR™ was originally designed to identify a unique 
population of human stem and progenitor hematopoietic 
cells that exhibit elevated levels of ALDH expression. 
ALDEFLUOR™ is a non-immunological reagent system that 
enables identification, quantification and isolation of viable 
cells based on intracellular ALDH activity levels, rather than on 
cell surface phenotype. The utility of ALDH activity as a marker 
to identify multipotential hematopoeitic stem and progenitor 
cells has subsequently been extended to other applications, 
where it has been recognised as a useful marker for putative 
stem and progenitor cells in a variety of healthy and cancerous 
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Why Use ALDEFLUOR™?

• No antibodies required

• Can be used with multiple species and cell types

• Compatible with immunophenotyping

• Compatible with standard cell sorters or analyzers

• Has supported 2000+ publications

• Highly reproducible results

tissues. 

A selected list of publications using ALDEFLUOR™ for cancer 
research is available at www.stemcell.com/ALDreferences

ALDEFLUOR™ in Cancer Research
While not a universal marker for cancer stem cells in any tissue, 
ALDH activity has proven a useful marker for both normal and 
malignant cells with stem-like properties in a great variety 
of tissues. 11 Increased ALDH expression has been found 
in multiple myeloma and acute myeloid leukemia (AML),12-14 
prostate,15 colon,16,17 head and neck, 18,19 thyroid gland, 20 breast, 21-23 
liver, 24 ovarian, 25 cervical, 26  bladder,27  brain 28 and lung 29 cancers. 
Studies have also shown a correlation between the ALDH 
phenotype and poor prognosis in various cancers.

Figure 2. ALDEFLUOR ™ is compatible with a variety of cell types, 
including cancer cell lines and primary tissue samples. (A) S KBR3 
breast cancer cells stained with ALDEFLUOR™. (B) Primary normal 
human mammary epithelial samples stained with ALDEFLUOR™. 
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Understanding the organization of the mammary epithelial 
cell hierarchy is important for identifying the cell-of-origin 
for different types of human breast tumours, characterizing 
the cells that drive tumor growth, and understanding how 
different oncogenic mutations influence homeostasis within 
the normal mammary epithelium. Adherent and non-adherent 
in vitro colony-forming assays are valuable approaches for 
interrogating the functional heterogeneity present within normal 
human and mouse mammary tissue, within mammary tissue of 
genetically modified mice, and human breast tumor samples. 

Culture and assay normal and malignant mammary cells 
using the defined MammoCult™ and EpiCult™ cell culture 
media. EpiCult™ media support the growth of human- and 
mouse-derived mammary epithelial cells in adherent culture. 
MammoCult™ is the most-published commercially-available 
medium for culture of human mammospheres derived from 
normal human mammary tissue and tumorsphere formation 
from multiple breast cancer cell lines.
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MammoCult™ can be used to culture tumorspheres 
from primary breast cancer tissue and a variety of 
breast cancer cell lines including MCF7, MCF10A, 
SKBR3, MDA-MB-231, AU565, SUM149 and BT474. 
Learn more at www.stemcell.com/MammoCult .
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NAME WEBSITE LINK

CRISPOR7 crispor.tefor.net

COSMID8 crispr.bme.gatech.edu

E-CRISP9 e-crisp.org/E-CRISP/designcrispr.html

CRISPR Design10 crispr.mit.edu

Table 1: Online crRNA Design Tools

three independent crRNAs are tested in parallel to derive distinct edited populations in order to independently verify functional effects of the 
mutation. This also increases the probability that at least one of the tested crRNAs effectively target Cas9 to the area of interest. Note that the 
PAM sequence is not included within the crRNA.

As mentioned above, the intergenic location of the target site is an important consideration. If the gene contains multiple splice variants, a 
constitutive exon should be targeted. If the goal is to generate a loss-of-function mutant, targeting the first coding exon is a common strategy. 
Alternatively, creating larger deletions (>50 base pairs) by utilizing two crRNAs is an efficient way of disrupting gene function. The later method 
also allows for easier identification of positive transfectants through PCR genotyping across the deletion. If modulation of gene expression is the 
goal, target promoter elements within 200 base pairs of the transcription start site. 

A number of online design tools perform comprehensive analysis of any target sequence, providing potential crRNA sequences and sites with 
potential off-target activity (See Table 1). These tools identify PAM sites within the target sequence and compile a list of recommended crRNA 
sequences that immediately precede the PAM sites. A genetic map of the crRNA’s intragenic location is typically included. crRNA sequences are 
scored and ranked based on the number of, and the degree of homology to, potential off-target sites. Select crRNAs from the output list based 
on location, homology score, and orientation, based on the guidelines described above.

CRISPR-Cas9 is versatile and user-friendly compared to previous methods for precise genome editing. The ArciTect™ genome editing system 
represents a customizable, inexpensive tool for discovery and therapeutic application across all fields of life science research.

Further Resources
Addgene is a global, nonprofit repository that was created to help scientists share DNA-based research reagents, and offers a variety of 
educational resources, including protocols, blog posts, and eBooks. The CRISPR 101 blog series were designed to help scientists of all levels 
learn more about genome engineering: http://info.addgene.org/crispr-topic-page

This resource includes specific tips on how to design your crRNA for CRISPR genome editing:      
http://blog.addgene.org/how-to-design-your-grna-for-crispr-genome-editing

http://crispor.tefor.net/
https://crispr.bme.gatech.edu/
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://crispr.mit.edu/
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