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This presentation

• CRISPR/Cas9 principle and workflow

• Benefits of Cas9/sgRNA RNP delivery

– Guide-it™ CRISPR/Cas9 Gesicles

– Electroporation

• Knockin of short versus long sequences

– Limitations of knockin using long sequences

– Benefits of single-stranded DNA HDR templates

– Guide-it™ SNP Screening Kit 

– Guide-it™ Long ssDNA Production System
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CRISPR/Cas9 Gene Editing Principle
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The benefits of RNP delivery
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The benefits of RNP delivery
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The benefits of RNP delivery
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Kim et al., 2014
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Guide-it CRISPR/Cas9 Gesicle 
Production System
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• Cell-derived nanovesicles, made by a 

producer cell line after overexpression of a 

specific glycoprotein. Broad mammalian 

tropism

• Complete system to produce gesicles to 

deliver Cas9 protein together with a target 

specific sgRNA

• Suitable for knockouts

• Reduced off-target effects compared to 

DNA delivery (plasmid, lentiviral)



Gene editing in a wide range of cell types
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• Suitable for adherent and suspension cells 

• Suitable for proliferating and non-proliferating cells (i.e. primary cells)

• Suitable for human iPS cells

• Based on customer feedback, low efficiency with primary T-Cells, B-Cells, or CD34+ 

hematopoietic stem cells 



Gesicle-mediated KO
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The authors used 
CRISPR/Cas9 gesicles to 
knockout SLC13A3 in 
Jurkat cells.

Gesicle-Mediated delivery of CRISPR/Cas9 Ribonucleoprotein 

Complex for Inactivating the HIV Provirus.

Campbell LA, Coke LM, Richie CT, Fortuno LV, Park AY, Harvey BK

Molecular Therapy, Oct 11, 2018.

Gesicle- mediated delivery of Cas9 RNP successfully inactivated an HIV 
proviral genome in CHME-5 microglial cell line.



Reduced off-target effects
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Reduced off-target effects
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Guide-it Recombinant Cas9
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• Reduced off-target effects compared to DNA delivery 

(plasmid, lentiviral)

• Suitable for knockouts & knockins

• Target hard-to-edit cells, including primary 

hematopoietic cells 

• High concentration (3 ug/ul) & lower glycerol (10%) 

compared to other vendors enzymes, ensuring highly 

efficient delivery via electroporation
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rCas9 – low glycerol ensures high efficiency
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Knockout of CD81 in iPSCs

Electroporation using Neon Transfection System（Thermo Fisher Scientific）

For all experiments, the same sgRNA (produced with Guide-it IVT kit) has been used

N=2×3 times
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Knockin with CRISPR/Cas9
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Repair template production methods:

• PCR

• Plasmid

• AAV

• Synthetic oligos (ssODN)

• Guide-it Long ssDNA Production 

System

Three Components required:

• Cas9 nuclease

• Guide RNA

• Repair template

INDELS



• Gene knockout using CRISPR/Cas9 is fairly routine

– Delivery of Cas9/gRNA RNP complexes reduces off-target edits

– Design of guide RNA is important, use optimized scaffold

– Typical %KO = 50-90%

• Knockin of SNPs using ssODNs <200nt is also straightforward

– Typical %KI = 5-40%

• Knockin of long sequences is not so easy

– Typical %KI = <10%

– dsDNA HDR templates can be toxic and often integrate randomly

– Lack of easy method to produce long ssDNA donors

© 2018 Takara Bio Europe. All rights reserved. 21

Knockin with CRISPR/Cas9 - Limitations



Knockin of small sequences using 
ssODNs and electroporation



Use of ssODN donors
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1&8: ssDNA (sense)

2&9: ssDNA (antisense)

3&10: sense plus as

4: ssDNA (sense)

5&11: dsDNA (pre-annealed)

6&12: sense plus as (no ZFN)



SNP repair in iPS cells using an 80nt ssODN
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Repair of point mutation in AcGFP1

• 1.5 µg Guide-it Recombinant Cas9

• 0.5 µg sgRNA (Guide-it sgRNA IVT Kit)

• 1 µg repair oligo (ssODN)

• 1.5 x 105 iPS cells

• Electroporation using Neon Transfection System (ThermoFisher)

29% of cells 

repaired
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Disease Gene SNP

Retinitis pigmentosa DHDDS c.124A>G (p.Lys42Glu) 

Spinocerebellar ataxia 21 TMEM240 c.509C>T (p.Pro170Leu)

Cardiomyopathy 1A LMNA c.673C>T (p.Arg225Ter) 

Usher syndrome USH2A c.14803C>T (p.Arg4935Ter) 

Engineering single nucleotide substitutions
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Creation of isogenic cell lines to model 

SNP-related diseases

Pathogenic human SNPs

(approx. 32,000)
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Workflow of knockin experiments
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Detection of 

successful HDR in 

edited population

SNP detection

in single 

clones
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Guide-it SNP Screening Kit 



• Fast (4 hrs) and high-throughput SNP detection in any genomic region

• Qualitative (yes/no) output (fluorescence readout)

• Detection of HDR in edited cell population and in single clones

• Reliable results without PCR optimization
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Extract 
genomic DNA

PCR 
amplification of 

the target 
sequence

Annealing of 
PCR product 

with oligo 
probes

Perform
Guide-it Flapase
enzymatic assay 

Fluorescence 
readout using
a plate reader

25 min 1 h 45 min 25 min 1 h 15 min 5 min

~ 4 hours

Guide-it SNP Screening Kit



CAGCTCACTCACCACTCTGTCAACAGCTGCAACCTGCGGCC
HR

donor

CAGCTCACTCACCACTCTGTCAACGGCTGCAACCTGCGGCCwt

FAH c.1009G>A (p.Gly337Ser)

sgRNA #1

sgRNA #2

sgRNA #3

PvuII

Screening for SNPs related to tyrosinemia
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SNP detection in edited cell population
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RFLP assay SNP Screening Kit

1: RNP only

2: RNP + HR donor 2
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Screening for SNPs related to tyrosinemia
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SNP Screening in single clones

• 19–24% of the clonal cell lines generated a positive fluorescent signal

• The existence of the SNPs was confirmed by Sanger sequencing
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Knockin of large >200nt 
sequences by electroporation



Donor templates for long sequences

• PCR products and plasmids

– Easy and inexpensive to create

– Often toxic when delivered

– Can integrate randomly

• Single stranded DNA oligos (ssODN)

– Far less toxic

– Far more specific

– SNP repair - very efficient

– Long sequences - size limitation (2 kb) & cost
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Guide-it™ Long ssDNA Production System

Kit for producing ssDNA for knockin of long sequences, 

starting from a PCR product

• Works for sequences from 0.5–5 kb

• The resulting ssDNA can be combined with recombinant 

Cas9 protein and target specific sgRNA for electroporation

into target cells

• ssDNA produced in this way is superior to dsDNA repair 

templates for gene editing:

– lower toxicity

– no random integration

– no background expression
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Principle of long ssDNA Production
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Long ssDNA Production
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• ssDNA production up to 5 kb.

• Each reaction produces ~2-4 µg of each strand (sense and antisense).

• Single band should be visible on Agarose gel. Difficult targets – shift primer 

position by 1 nt.



dsDNA vs ssDNA – Toxicity
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Electroporation of Cellartis hiPSC18 cells to tag tubulin with AcGFP1 

(1.5 kb donor templates with 350 bp homology arms). 



Comparison with dsDNA HDR templates
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At 4 days post-electroporation, long ssDNA HDR 
templates (~1.3 kb) did not show the decreasing 
viability in CD3+ T cells electroporated with a linear 
dsDNA HDR template of the same length.

Long ssDNA donors are less toxic



Comparison with dsDNA HDR templates
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ssDNA HDR templates reduced functional off-target 
integrations approximately 100-fold,
while maintaining efficient on-target integration.

Long ssDNA donors are more specific



Summary

• Gesicles and electroporation are tools to effectively deliver Cas9/sgRNA

RNP complexes to a broad range of cell types.

– No Cas9 coding sequence present: no chance for genomic integration, no 

persistent nuclease overexpression → Reduced off-target effects

• dsDNA HDR templates can result in random integration and background 

expression, ssDNA HDR templates integrate with very high specificity

• dsDNA HDR templates can cause cellular toxicity, ssDNA templates do not

• The Guide-it SNP Screening Kit is a fast method for SNP detection in edited 
populations as well as clonal cell lines

• The Guide-it Long ssDNA Production System is a simple method to produce 

ssDNA donor templates up to 5 kb
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