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Product Overview
CRISPR-Cas9 is a precision genome editing tool used by scientists to create a wide array of genetic
modifications, including gene knockouts, single base-pair changes, and gene insertions/ deletions in a variety
of organisms and cell types. This system consists of a Cas9 nuclease and a guide RNA that directs the
nuclease to cut at a precise location on the cell’s genome (Figure 1). A guide RNA can either be introduced as
an RNA duplex of CRISPR RNA and transactivating RNA (crRNA:tracrRNA) or as a single guide RNA
(sgRNA) molecule. It has been reproducibly demonstrated that sgRNA generally produces a higher editing
efficiency than the RNA duplex, and that chemically-modified sgRNAs can further increase editing efficiency
(Figure 2).
Synthego’s Gene Knockout (GKO) Kit is an easy-to-use product that enables robust genome editing in a
variety of cell types. This kit contains all reagents necessary to knockout your target gene, including
chemically-modified synthetic sgRNA, Cas9 nuclease from Streptococcus pyogenes (spCas9), and a positive
control. Single-guide RNA and Cas9 are introduced into cells as ribonucleoprotein (RNP) complexes.
Use of this kit as directed in this user manual guarantees that at least 50% of the alleles in your pool of cells
have been edited, as measured by Sanger sequencing and ICE (Inference of CRISPR Edits) analysis.

Figure 1. The CRISPR-Cas9 System
The guide RNA (gRNA) and Cas9 together form an RNP complex. The gRNA sequence binds to the
complementary sequence of the genomic target downstream of a protospacer adjacent motif (PAM). The
Cas9 nuclease then makes a double-stranded break (DSB) in the DNA (denoted by the scissors above).
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Representative Data

Figure 2. Synthego’s chemically modified sgRNAs generate high editing efficiencies
Single guide RNAs targeting AKT1 and AKT2 (4 sgRNAs per gene) were complexed with spCas9 and transfected into
Jurkat E6-1 cells (Lonza 4D Nucleofector™). Genomic DNA was PCR amplified and subjected to ICE analysis to evaluate
editing efficiency (insertion-deletion or indel frequency). The data represent two biological replicates, each performed
in duplicate. These guides have high editing efficiencies (up to 80%), with multiple guides editing the cells at greater than
50% efficiency. Visit Synthego.com to learn more about these chemical modifications.
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Materials Provided & Storage Conditions
The material provided in this kit is sufficient for at least three transfections of target-specific and control
sgRNAs.

Quantity

Name

Details

Storage

4 x 600 pmol
(20 µg)

Target-specific
sgRNA, modified

Gene-targeting sequence + spCas9 scaffold.

-20°C for up
to 12 months

1 x 600 pmol
(20 µg)

Human RELA sgRNA,
modified
(Positive Control)

5’-GAUCUCCACAUAGGGGCCAG-3’ + spCas9
scaffold

-20°C for up
to 12 months

1 x 20 µl

Human RELA Primer
Mix (10 µM)

Forward: 5’-TTCTAGGGAGCAGGTCCTGACT-3’
Reverse: 5’-TCCTTTCCTACAAGCTCGTGGG-3’

-20°C for up
to 12 months

1 x 20 µl

Human RELA
Sequencing Primer
(10 µM)

5’-AGTACAGAGGCCCAGACATCCAA-3’

-20°C for up
to 12 months

1.5 ml

Nuclease-free TrisEDTA Buffer

10 mM Tris, 1 mM EDTA (pH 8.0)

Room
temperature

1.5 ml

Nuclease-free Water

-

Room
temperature

1 x 300 pmol

Cas9 2NLS Nuclease

Wild type Cas9 from S. pyogenes

-20°C until
expiration
date

Additional Materials Required
●
●
●
●
●
●
●
●

Cell line & reagents for cell culture
24-well cell culture plates (Corning #3526)
Lonza 4D-Nucleofector™ System (4D-Nucleofector™ Core Unit and 4D-Nucleofector™ X Unit)
Cell specific Lonza 4D-Nucleofector™ X Kit with 16-well Nucleocuvette™ Strips
Genomic DNA extraction buffer (QuickExtract™ DNA Extraction Solution, Epicentre, #QE09050)
Thermal cycler & PCR tubes
AmpliTaq Gold 360 2X Master Mix (ThermoFisher #4398876)
Primers for genotyping target sequence
o Primers: Design and order primers which flank the 4 sgRNA cut-sites, ideally allowing for at
least 150 bp on either side for optimal Sanger sequencing reads.
o Typically design 2-3 pairs of primers and optimize genomic PCR.
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Protocol Schematic
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Detailed Protocols
Important Notes
This guide is meant to provide a starting point for your CRISPR editing experiments and has been optimized
for Nucleofection of 100,000 HEK-293 cells using a 9:1 sgRNA to Cas9 ratio. For specific Nucleofection
settings for your cell type, we suggest consulting the Lonza Nucleofector™ cell and transfection database,
available online at bio.lonza.com/6.html. Optimization of editing efficiency for a specific cell type will require
the following:
●
●
●
●

Empirically determining the number of cells required
Amount of Cas9
Ratio of gRNA:Cas9
Nucleofection program

As a general rule, it is recommended to use cells at the lowest passage number possible. Subculture cells 2-3
days before Nucleofection and seed them in an appropriately sized vessel so that they are 60-80% confluent
on the day of transfection.
Prior to editing cells, it is recommended to optimize the genomic PCR conditions including primers,
annealing temperature, and amount of genomic DNA until a single band of the correct size is obtained. The
PCR protocol in this manual has been optimized to generate a single amplicon of the correct size when using
the the supplied RELA Forward and Reverse genotyping primer mix (10 µM) with AmpliTaq Gold 360 2X
Master Mix. It is recommended to optimize the genomic PCR using genomic DNA extracted by the same
extraction buffer that will be used during analysis.
After Nucleofection, the cells will be first analyzed for editing efficiency before isolation and expansion of
clones. When cells are plated after Nucleofection, they will be split into two wells on duplicate 24-well
plates. This allows for in-well genomic DNA extraction and analysis of editing efficiency in one plate while
leaving the other plate to recover from transfection before clonal expansion.

Preparation for Editing
1. Design, Order, and Test Primers for Genomic PCR
a. Genomic DNA at the region targeted by the sgRNAs will need to be PCR amplified for
insertion/ deletion (indel) identification.
b. A single user-designed amplicon (400-800 bp in length) can be used to assess the editing
efficiency of all 4 experimental sgRNAs provided in this kit. A primer mix used to amplify
the region targeted by the RELA sgRNA positive control is provided.
c. Design DNA primers using the recommended guidelines to ensure optimal amplification
and subsequent detection.
i. For best results, use primers with Tm >55°C.
ii. Design primers that are 18–22 bp in length and have 45–60% GC content.
iii. For efficient amplification of PCR product amenable to ICE analysis after
sequencing, design the primers to yield amplicon lengths between 400-800 bp.
iv. It is best to design the forward and reverse primer at least 150 bp from the closest
sgRNA cut-site to allow for optimal sequencing across the edit.
v. Tools such as Primer-Blast can be used to check for off-target amplification
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)
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d.
e.

To increase the chance of successfully amplifying the desired genomic target, it is
recommended that at least two primer pairs are designed and tested.
The genomic PCR conditions including primers, annealing temperature, and amount of
genomic DNA need to be optimized until a single band of the correct size is obtained.
Section 6 and 7 can be used as a guide for genomic DNA extraction and PCR.

Note: The PCR protocol in this manual has been optimized to generate a single amplicon of the correct
size (595 bp) when using the supplied RELA Forward and Reverse genotyping primer mix with AmpliTaq
Gold 360 2X Master Mix.

RNP Formation and Transfection
2. Dissolve and Dilute your RNA
a. Briefly centrifuge your tubes containing sgRNA oligos to ensure that the dried RNA pellet is
collected at the bottom.
b. Carefully dissolve 0.6 nmol sgRNA in 20 µl of nuclease-free 1X TE Buffer to a stock
concentration of 30 µM (30 pmol/µl). A brief vortex and 5 minutes incubation at room
temperature is typically sufficient to completely dissolve the sgRNAs.
Note: If not being used immediately, dissolved sgRNA should be aliquoted into 6 µl per tube and stored at
-20 °C. Under these conditions, the provided sgRNA is stable for up to 12 months. Avoid multiple freeze
thaws.
3. Form Ribonucleoprotein (RNP) Complexes
a. Cas9 2NLS (included in the kit) is at a concentration of 20 µM (20 pmol/µl) and does not
require further dilution.
b. Form RNPS at an appropriate ratio (recommended 9:1 sgRNA to Cas9) in a volume and
solution suitable for the transfection method being used. For Nucleofection, RNPs can be
formed directly in room temperature Nucleofector™ Solution. Ensure the Supplement has
been added to the Nucleofector Solution.
Note: You may need to experimentally determine the optimum sgRNA:Cas9 ratio for your cell type or
experiment. Synthego recommends sgRNA:Cas9 ratios between 3:1 and 9:1 for RNPs.
c.
d.

The sgRNA:Cas9 RNP can be formed and used immediately for transfection or precomplexed for transfection at a later point.
When forming the sgRNA:Cas9 RNP, the Table below can be used as a recommended
starting point using a 9:1 ratio. The sgRNA:Cas9 RNPs can also be pre-complexed and
stored at 4°C for up to one week or at -20°C for up to 1 month.

Note: Please make sure that the entire supplement is added to the Nucleofector™ Solution. The ratio of
Nucleofector™ Solution to supplement is 4.5:1.

For Research Purposes Only.
synthego.com | 888 611-6883 | +1 408 611-6883 | info@synthego.com

Page 8 of 18

e.

Label and add the reagents to a 0.2 ml PCR tube-strip or similar (for use with a multichannel
pipette), in the order shown:

Controls
Reagents
GFP

Blank

Cas9

Experimental
RELA
sgRNA

sgRNA
1

sgRNA
2

sgRNA
3

sgRNA 4

Nucleofector Solution +
Supplement

24.6 µl

25 µl

24 µl

18 µl

18 µl

18 µl

18 µl

18 µl

pmaxGFP Vector
(1 µg/µl)

0.4 µl

-

-

-

-

-

-

-

sgRNA (30 pmol/µl)

-

-

-

6 µl

6 µl

6 µl

6 µl

6 µl

Cas9 2NLS Nuclease
(20 pmol/µl)

-

-

1 µl

1 µl

1 µl

1 µl

1 µl

1 µl

Total Volume

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

f.
g.

Incubate RNPs for 10 minutes at room temperature. Keep at room temperature for up to 1
hour for use, store at 4°C for up to one week, or at -20°C for up to 1 month.
If immediately proceeding to the transfection of the RNPs, a 5 µl cell suspension (prepared
in the next steps below) will be added to the 25 µl of pre-complexed RNPs for a total
transfection volume of 30 µl per reaction.

4. Prepare Cells for Nucleofection
Immediately after transfection the edited cells will be placed in replicate plates, one plate of cells will be
lysed and processed to analyze editing efficiency while allowing the replicate plate of cells to recover for
expansion and/or single cell cloning.
a.
b.
c.

d.
e.
f.

Pre-warm two 24-well plates with appropriate amount of media per well prior to
transfection.
Aspirate cell culture media and wash cells 1-2 times with appropriate volume of 1X PBS.
Add appropriate amount of TrypLE Express, or preferred dissociation reagent, and incubate
the cells at 37°C/5% CO2 for 5 minutes, or until they detach from the plate completely. Do
not shake or hit the flask to dislodge cells, as this may lead to clumping and inaccuracies in
cell counting and inefficient transfection.
Neutralize the dissociation reaction with at least 2 volumes of normal growth medium.
Count the cells to determine cell density.
Prepare a cell suspension in Nucleofector Solution to the expected concentration of cells
per µl. For each reaction, 5 µl of this suspension will be added to 25 µl of pre-complexed
RNP for a total transfection volume of 30 µl.

For example: for a cell suspension for 18 transfections (16 reactions + 2 extra), each with 100,000 cells,
centrifuge 1,800,000 cells at 90 x g for 10 minutes, aspirate media and resuspend the cell pellet carefully in
90 µl of Nucleofector Solution (20,000 cells/µl).
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Note: Work quickly, but carefully, and avoid leaving cells in Nucleofector Solution for longer than 15
minutes. Avoid bubble formation.
5. Nucleofection
a. Program the Nucleofector with appropriate program code (CM-130 for HEK-293).
b. For each reaction, add 5 µl of cell suspension to 25 µl of pre-complexed RNP.
Note: While pipetting, the cell suspension needs frequent/gentle agitation to prevent the cells from
settling.
c.
d.

Transfer all 30 µl of cell-RNP solution to Nucleocuvette™ strips and click the lid into place.
Gently tap the Nucleocuvette™ Vessels on the benchtop to make sure the sample covers
the bottom of the cuvette and that there are no bubbles in the cuvette.
e. Place the Nucleocuvette™ Vessel with closed lid into the retainer of the 4D-X Core unit.
Check for proper orientation of the Nucleocuvette™ Vessel. Larger cutout is the top (A1
and A2) and the smaller cutout is the bottom (H1 and H2).
f. Press “Start” on the display of the core unit.
g. After run completion, the screen should display a green “+” over the wells that were
successfully transfected. Remove the cuvette strips from the Core unit.
h. Carefully resuspend the cells in each well of the Nucleocuvette™ with 70 µl of pre-warmed
growth media, and mix gently by pipetting up (~3 times) and down to ensure an even
distribution of cells in suspension.
i. From the resulting 100 µl suspension, transfer 50 µl to the pre-warmed 24-well plate for
genomic DNA extraction, and 50 µl to the pre-warmed plate for clonal expansion.
j. Incubate the cells in humidified 37°C/5% CO2 incubator.
k. Replace media after 24 hours.
l. GFP transfection efficiency should be assessed using fluorescence microscopy after 48-72
hours. This condition can be discarded after establishing the percentage of GFP positive
cells.
m. 48 hours after transfection, extract genomic DNA from one 24-well plate (See Section 6).
n. Continue to maintain one 24-well plate by replacing media and splitting as necessary, until
clonal expansion.

Analysis of Editing Efficiency
6. Extraction of Genomic DNA
a. Aspirate media from 24-well plate containing cells for genomic DNA extraction, leave the
plate for clonal expansion in the incubator.
b. Add 50 µl of QuickExtract™ DNA Extraction Solution (Epicentre, #QE09050) to each well
of the 24-well plate.
c. Tilt plate to pool lysate. Pipette up and down or scrape each well with a clean pipette, and
transfer all 50 µl of lysate to a PCR tube.
d. Place tubes in thermal cycler and run the following protocol:

For Research Purposes Only.
synthego.com | 888 611-6883 | +1 408 611-6883 | info@synthego.com

Page 10 of 18

Temperature

e.

Time

68°C

15 minutes

95°C

10 minutes

4°C

Hold

After genomic DNA extraction protocol, proceed immediately to Genomic PCR (Step 7) or
store lysates at -20°C. Do not allow lysates to stay at 4°C for more than 2 hours.

7. Genomic PCR
a. Prepare primers to their appropriate working dilutions (10 µM Forward/Reverse Primer
Mix).
b. Briefly vortex extracted genomic DNA.
c. The table below can be used as a guide to prepare each PCR condition using PCR-grade
water, 2X AmpliTaq Gold 360 Master Mix, RELA control primers or experimental primers,
and the appropriate genomic DNA.
Note: Determining editing efficiency by ICE analysis requires the comparison between a wild type amplicon
(wt) and the respective amplicon generated from the edited population of cells (edited). The wild type
amplicons for RELA and the experimental sgRNAs should be generated from DNA template isolated from
the Negative Control.
No
Template

Edited
RELA

wt RELA

wt Target
Gene

Edited
sgRNA
1

Edited
sgRNA
2

Edited
sgRNA
3

Edited
sgRNA
4

PCR-grade water

24 µl

22 µl

22 µl

22 µl

22 µl

22 µl

22 µl

22 µl

2X AmpliTaq Gold
360 Master Mix

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

25 µl

10 µM Target Gene
Forward/Reverse
Primer Mix

1 µl

-

-

1 µl

1 µl

1 µl

1 µl

1 µl

10 µM Human
RELA Primer Mix

-

1 µl

1 µl

-

-

-

-

-

Genomic DNA

-

2 µl
Negative
Control

2 µl
RELA

2 µl
Negative
Control

2 µl
sgRNA
1

2 µl
sgRNA
2

2 µl
sgRNA
3

2 µl
sgRNA
4

Note: It is good practice to include a negative PCR control without template DNA and/or without primers.

For Research Purposes Only.
synthego.com | 888 611-6883 | +1 408 611-6883 | info@synthego.com

Page 11 of 18

d.

Run the PCR in a thermocycler with the following program:

Stage

Temperature

Time

Cycles

Enzyme activation

95°C

10 minutes

1X

Denature

95°C

30 seconds

Anneal

55°C *

30 seconds

Extend

72°C

1 minute/kb

Final extension

72°C

7 minutes

1X

Hold

4°C

Hold

1X

40 X

* The annealing temperature may need to be optimized based on the experimental primers used. RELA
primers should be used at this temperature.
e.

f.

Following amplification, run the PCR product on a 1% Agarose gel to verify amplification of
a single band of the correct size. If a single band of the correct size is not present, optimize
the PCR conditions including primers, annealing temperature, and amount of genomic DNA
until you obtain good quality PCR products.
Sequence all samples, including the negative control transfection, by Sanger sequencing.
PCR purification is required prior to sequencing.

8. ICE Analysis
ICE is a free online tool that provides an easy quantitative assessment of genome editing. The software
compares the sequence traces of amplicons generated from genomic DNA isolated from both the edited and
unedited pools of cells.
● The ICE analysis tool is available at https://ice.synthego.com
● Detailed instructions on how to use ICE are available in the ICE Analysis Tool
section of the Help Center.

Clonal Isolation of Knockout
9. Single Cell Plating by Limiting Dilution
The next section is provided as a guide to single cell dilution and expansion in order to isolate clonally
derived knockout cells.

Considerations Regarding Clonal Expansion
Once editing efficiency for each of the experimental guides has been established, the remaining cells on the
second 24-well plate should be healthy enough to be split for single cell clonal expansion. It is important to
monitor the health and growth of transfected cells during this period. Deriving a clonal population from a
single cell can be difficult depending on the cell line and thus it is critical that the cells are healthy and have
reached their respective doubling rate before single cell dilution is attempted. We have found that waiting 6
days after transfection is typically enough time for the cells to stabilize for most cell types.
For Research Purposes Only.
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Clonal expansion from a single cell can take anywhere from 2-8 weeks depending on the cell type. Although
assessing editing efficiency is not required for deriving a knockout cell line, knowledge of the specific indel
frequency for each of the provided experimental guide RNAs can be used to inform the next steps prior to
embarking on clonal expansion. There will likely be differences in the editing efficiency between the 4
experimental guide RNAs and assessing the editing efficiency allows the user to decide whether to proceed
with all four edited pools, or select only the pools that demonstrated the highest editing efficiency.
However, it is important to consider that edits do not necessarily equate to knockouts. Edits that lead to the
insertion or deletion of a quantity of nucleotides that is not divisible by three will cause a frameshift
mutation (change in the reading frame) that will mostly likely terminate protein function. Because
performing ICE analysis can also reliably identify single nucleotide indels, one can select to expand the
edited pools with the highest editing efficiency as well as the highest likelihood of creating a frameshift that
terminates protein function.

Limiting Dilution
Plating single cells per well in a 96-well plate is easily achieved through a process termed limiting dilution.
While there are certainly more sophisticated means to accomplish single cell plating, limiting dilution is a
technique that can be carried out with standard pipetting tools. The obvious drawback to limiting dilution is
that the probability of obtaining a single cell per well is of statistical nature. A typical concentration used for
limiting dilution is less than one cell (0.5-0.9) per 100 µl aliquot because it maximizes the probability for the
appearance of single cells while minimizing the probability of multiple cells per well. At this concentration,
one can expect around a third of the wells to contain a single cell while most of the wells will not contain
cells. We have found that it is much less difficult to exclude wells without cells than to sort out
heterogeneous populations that arose from multiple cells.
In our standard protocol we dilute the cells to 0.5-0.8 cells per 100 µl and plate at least two 96-well plates
(100 µl/well) for each edited population selected for clonal expansion. Because the generation of a knockout
cell line is a lengthy process, we recommend erring on the high side especially on your first pass through this
process, by diluting cells into 4 x 96-well plates per condition.
To control for potential health/growth defects caused by the editing, plate out the mock and/or negative
control for single cell dilution, although these do not require multiple 96-well plates. The RELA positive
control, however, does not need to be plated out for clonal expansion as it serves mainly as a positive
control for transfection and editing efficiency.

Reagents and Equipment Required
●
●
●
●
●
●
●
●
●

1.5 ml microcentrifuge tubes
10 ml sterile reagent reservoir
Multichannel pipettes or similar
96-well cell culture plates (up to 25)
Normal growth media
Phosphate buffered saline without calcium and magnesium (PBS)
TrypLE™ (Life Technologies 12605010) cell dissociation reagent or similar
Hemocytometer (or equivalent)
Trypan blue
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Day 1
1) Warm media at 37°C in a water bath.
2) Transfer 24-well plate containing transfected cells from the humidified CO2 incubator to the
biological safety cabinet.
3) Aspirate media from cells across all conditions.
4) Carefully wash cells with PBS.
5) Aspirate PBS.
6) Add 250 µl of TrypLE™ (or other appropriate cell dissociation reagent) to cells (adjust volumes of
TrypLE™ to the size of the cell culture vessel if cells have been passaged).
7) Incubate the cells for 5 minutes at 37ºC and 5% CO2 or until the cells detach.
8) Transfer well plate back to the biological safety cabinet.
9) To neutralize dissociation, add an equal volume of media (250 µl) to that of the TrypLE™ to each of
the wells.
10) Pipet 3-4 times (more if needed) with 1 ml pipette to break up cell clumps. Cells can also be passed
through a cell strainer.
11) Transfer the cells from each condition to a separate sterile 1.5 ml tube.
12) Count the cells from each condition using a hemocytometer or automated cytometer.
13) Calculate the concentration of cells (cells/ml) in the cell suspension.
14) Determine the number of 96-well plates for each condition. We recommend plating at least two 96well plates for each of the 4 edited pools (experimental sgRNAs), or at least the pool with the best
editing efficiency.
15) Dilute cells to a concentration of 0.5-0.8 cells/100 µl of media (this will give around 1 cell/well in
most of the wells in a 96-well plate) or 120 cells in 12 ml of normal growth media. Scale according to
the number of plates desired. For example, if 5 x 96-well plates are desired for a particular
condition, dilute 600 cells in 60 ml of normal growth medium.
Note: The concentration of cells can be adjusted (0.5-5 cells / 100 µl).
16)
17)
18)
19)
20)

Transfer the diluted cell suspension to a large sterile reservoir.
Dispense 100 µl/well of the diluted cell suspension to each well using a multichannel pipette.
Repeat steps 13 to 17 for each edited population selected for clonal expansion.
Transfer plates to a humidified incubator at 37ºC, 5% CO2.
Visually inspect the plates periodically from 7 to 10 days under a microscope to assess if colonies
are establishing. If a clone imager is available, we recommend imaging each of the 96-well plates 2-4
hours after plating the single cell dilution, before the cell can divide. The cells should be imaged
again after 7 days. This practice ensures that clonality can be assigned to colonies after numerous
cell divisions by going back to the original scan and verifying the colony came from a single cell.

Day 7-14: Visual Identification
Visually screen plates using a microscope for established single colonies. Mark these by circling the well on
the lid and/or record in a spreadsheet. When colonies reach 70% confluence, the cells may be harvested to
assess for the presence of an indel. Note that different cells (or possibly genetically modified cells) may grow
at a different pace, so it is best practice to wait till the cells are at 70% confluence.
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Genotyping Clones
The clonal cell expansions should be visually monitored for about two weeks. Wells containing single
colonies should be marked and monitored periodically until the cells are dense enough to transfer into a 24well plate. During transfer, take out a portion of cells from each colony for genotyping. Identifying colonies
that contain edits, and eliminating wild type colonies, reduces the burden of culturing and/or future
screening assays. However, maintain a few colonies that grow from the Mock or Negative Control
conditions to be used as an isogenic wild type comparison to the knockout cell line.
Use the methods described in sections 6 and 7 above to isolate genomic DNA, PCR amplify the edited region
and sequence it via Sanger sequencing. The data can be reported as wild type, homozygous edit, or
heterozygous edit. A homozygous edit is indicated when both alleles have the same mutation, these colonies
should be saved and marked as potential knockouts.
A heterozygous edit is indicated when there is an indel in at least one allele while the other allele is either
wild type or a different indel (NHEJ will often form heterozygous repairs after double strand breaks). The
heterozygous edit will be easily identified by the overlapping peaks in the chromatogram centered around
the region targeted by the guide. Often the majority of the clones will contain heterozygous indels. This is
especially true when editing in hyperploid cell-lines. While the exact nature of the heterozygosity cannot be
discerned at this point, these colonies may contain inactivating compound heterozygous indels and should
be marked as potential knockouts.
To decipher the specific mutations of the heterozygous edit, ligate the PCR product into a plasmid and
transform into bacteria. Sequence ~12 single bacterial colonies via Sanger sequencing. If the cell line is truly
clonal, the sequence from the heterozygous alleles should each be represented.
Whether the edits are of homo- or heterozygous nature, it is recommended to select colonies containing
indels that give rise to frameshift mutations, ideally, those that generate nonsense/premature stop codons.
Indels that maintain the gene’s reading frame or alter the coding of only a few amino acids towards the 3’
end of the exon, may not lead to the loss of the protein’s function.
After identifying putative knockouts by genotype the cells should be split and expanded for
cryopreservation while performing further analysis to functionally validate the knockout. Functional
validation of a knockout can be achieved using immunoblot analysis or an activity assay when available.
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Troubleshooting Guide
Transfection
For transfection methods other than Nucleofection, please refer to the corresponding troubleshooting guide.

Problem

Possible Cause(s)

Recommended Solutions

Loss of cells during
pelleting/removing supernatant
before Nucleofection

Use caution when aspirating supernatant.

Cells left in Nucleofection
cuvette

After Nucleofection, add media to the cuvette and pipette
up and down multiple times to ensure cells are not left in
the bottom of the cuvette.

Non-uniform cell suspension

Ensure that the cell suspension is mixed thoroughly before
adding to pre-complexed RNPs, and continue to gently
agitate the suspension to avoid settling.

No cells on plate

Uneven
distribution of
cells between
reactions

Cells left in Nucleofection
cuvette
Cells not mixed enough after
Nucleofection

Low viability

Low transfection
efficiency
(Nucleofection)

After Nucleofection, add media to the cuvette and pipette
up and down multiple times to ensure cells are not left in
the bottom of the cuvette and that the concentration of
cells is uniform.

Cell culture conditions were
suboptimal

Cells should be viable and in culture for several passages.
Avoid excessive cell densities or high cell confluencies as
this may decrease cell viability post Nucleofection.

Cells were damaged by
harvesting procedure or through
handling

Avoid harsh conditions during cell harvesting, especially
centrifugation at high speed or overexposure to trypsin.
Pipette cells smoothly.

Cells were in Nucleofector
Solution too long

Transfer cells immediately into pre-warmed medium as
recommended in the optimized protocol. Avoid leaving
cells in Nucleofector Solution for longer than 15 minutes.

Cell number

The optimal number of cells per transfection reaction
varies between cell types. Optimize cell number using the
GFP plasmid provided in the 4D Nucleofector Kit.

Wrong Nucleofector Solution
for cell type

Use the recommended Lonza Nucleofector solution and
program for your cell type. If Lonza does not have an
optimized protocol and established solution for your cell
type, it is recommended to do an transfection optimization
using GFP plasmid prior to editing.
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Genomic PCR
Problem

Possible Cause(s)

Recommended Solutions

Incompatible primer
pair/nonspecific primer binding

Re-design primers that are 18–22 bp, have 45–60% GC
content, a 52–58°C Tm range and generate an amplicon
200-800 bp. It is recommended to design 2-3 pairs of
primers when amplifying a new target.

High GC-rich region

Add 1–10 µl of 360 GC Enhancer in a 50 µl reaction and
repeat the PCR amplification.

Incorrect template (genomic
DNA) concentration

Insufficient amount of genomic DNA or genomic DNA has
degraded. Use freshly extracted genomic DNA or store at 20°C until use and avoid multiple freeze/thaws.

Cell lysates contain inhibitors of
PCR

Too much lysate or lysate from too many cells can inhibit
PCR. Run a positive control when optimizing conditions for
new PCR primers to distinguish template problems.

Incorrect template (genomic
DNA) concentration

Insufficient amount of genomic DNA or genomic DNA has
degraded. Use freshly extracted genomic DNA or store at 20°C until use and avoid multiple freeze/thaws.

Non-optimized annealing
temperature

Perform a gradient PCR to optimize primer annealing
temperature.

Nonspecific primer binding

Re-design primers that are 18–22 bp, have 45–60% GC
content, a 52–58°C Tm range and generate an amplicon
200-800 bp. It is recommended to design 2-3 pairs of
primers when amplifying a new target.

No amplicon

Weak PCR
product

Incorrect
size/multiple
bands

Smear

Perform a gradient PCR to optimize primer annealing
temperature.
Multiple primer binding sites in
genomic DNA

Redesign primers and to increase specificity and avoid
regions of low complexity.

Genomic DNA template is too
concentrated

Dilute lysate 2-fold to 4-fold and repeat the PCR
reaction.

DNA gel was overloaded

Re-run the gel with less PCR product.
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Sequencing
Problem

No signal

Possible Cause(s)

Recommended Solutions

Template too low

Measure DNA concentration.

Wrong sequencing primer or sequencing primer
concentration is too low

Double check primer
sequence and concentration.

Low quality prep, incomplete removal of proteins or
salts

PCR purify.

Peaks overlap or poor separation of peaks

High
background/incorrect
base calling

Insufficient homology due to the formation of
indels. Loss of homozygosity in the pool of edited
cell is expected, however, when indels are
present too close to the beginning of the
sequencing trace, the chromatogram cannot be
trusted and will not work with ICE analysis. In
this case, repeat sequencing from opposite end
or increase the size of the amplicon and resequence.

Residual PCR primers
participate in sequencing, repurify PCR.

ICE Analysis
●

For issues pertaining to ICE analysis, consult the ICE Analysis Tool section of the
Help Center.
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