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Overview
This CRISPR/Cas9 protocol describes how to use T7 
endonuclease I (T7E1) to detect on-target CRISPR/Cas9 
events in cultured cells (email applicationsupport@idtdna.com 
for transfection protocols).

Genomic DNA from target cells is amplified by PCR. The  
PCR products are denatured and reannealed to allow 
heteroduplex formation between wild-type DNA and  
CRISPR/Cas9-mutated DNA. T7E1, which recognizes and 
cleaves mismatched DNA, is used to digest heteroduplexes. 
The resulting cleaved and full-length PCR products are 
visualized by gel or capillary electrophoresis.

Advantages and specificity
We currently recommend using T7E1 instead of the Surveyor 
nuclease for CRISPR mutation detection, because the  
T7E1 method is simple and provides clean electrophoresis 
results. T7E1 is also compatible with a broader range of  
PCR buffers and does not usually require purification of  
the PCR product prior to digestion. Note that T7E1 activity 
is sensitive to the DNA:enzyme ratio, as well as incubation 
temperature and time [1].

T7E1 is proficient at recognizing insertions and deletions of 
≥2 bases that are generated by non-homologous end joining  
(NHEJ) activity in CRISPR experiments [2]. It does not detect 
single base insertions or deletions efficiently, so efficacy of the 
CRISPR reaction will be underestimated.

For additional information about or protocols for  
CRISPR/Cas9 editing, visit www.idtdna.com/CRISPR.  
For assistance with RNA designs or CRISPR/Cas9 transfection 
protocols, email applicationsupport@idtdna.com.
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The CRISPR/Cas9 system

Discover more at www.idtdna.com

CRISPRs (Clustered Regularly Interspaced 
Short Palindromic Repeats) are part of an 
adaptive defense mechanism in bacteria  
and archaea. Use of the CRISPR/Cas9  
system for genome editing has been a  
major technological breakthrough, making 
genome modification in cells or organisms 
fast, more efficient, and much more robust 
than previous genome editing methods.  
Single guide RNAs (sgRNAs) or guide  
RNAs (gRNAs) direct and activate the  
Cas9 endonuclease at a specific genomic 
sequence. Cas9 then cleaves the target  
DNA, making it available for repair by  
the non-homologous end joining (NHEJ) 
system or for creating an insertion site for 
exogenous donor DNA by homologous 
recombination.

Types of CRISPR/Cas9 RNA species:

• crRNA (CRISPR-targeting RNA)— 
 provides target specificity (20 bases)  
 and an interaction domain with the 
 tracrRNA

• tracrRNA (trans-activation crRNA)— 
 acts as a scaffold between the crRNA  
 and Cas9 endonuclease

• sgRNA (single guide RNA) or gRNA 
 (guide RNA)—fusion of crRNA and 
 tracrRNA sequences into a single  
 RNA that includes sequences for  
 DNA targeting specificity and Cas9 
 endonuclease binding

Visit www.idtdna.com/protocols to verify that you are using the most current version of this protocol.

OPO
Typewriter
https://www.idtdna.com/pages/docs/default-source/catalog-product-documentation/crispr-mutation-detection.pdf?sfvrsn=7
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Required materials
Kits and reagents Ordering information*

Nuclease-Free Water IDT (Cat #11-04-02-01)

Nuclease-Free IDTE IDT (Cat #11-01-02-02)

KAPA HiFi HotStart PCR Kit Kapa Biosystems (Cat #KK2501)

PBS General laboratory supplier

QuickExtract™ DNA Extraction Solution Epicentre (Cat #QE09050)

T7 Endonuclease I New England Biolabs (Cat #M03025)

Reagents for mutation detection: 
(Option 1) Agarose 

(Option 2) Mutation Discovery Kit†

 
General laboratory supplier 

Advanced Analytical Technologies, Inc.  
(Cat #DNF-910-K1000T)

* These are suggested sources for reagents used by the IDT R&D team when this protocol was written.  

   Individual components may be substituted with some optimization.

† For use on a Fragment Analyzer™ system (Advanced Analytical Technologies, Inc.)

Go to www.idtdna.com for safety data sheets (SDSs) and certificates of  
analysis (COAs) for IDT products.
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Process CRISPR-edited genomic DNA from  
cultured cells in 96-well plates
1. Wash CRISPR/Cas9-treated cultured cells with 100 µL of PBS.

2. Lyse cells by adding 50 µL of QuickExtract™ DNA Extraction Solution.

3. Transfer cell lysate to a 96-well PCR plate.

4. Vortex plate and heat at 65°C for 15 min in a thermal cycler.

5. Vortex plate and heat at 95°C for 15 min in a thermal cycler.

6. Add 100 µL of nuclease-free water to dilute the genomic DNA.

A

See what we can do for you at www.idtdna.com. 2
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B
Amplify genomic DNA and detect mutations
Design PCR assay (www.idtdna.com/primerquest) to yield cleavage products 
between 200 and 800 bp. Validate the PCR assay to determine the optimal annealing 
temperature to use with your samples and to verify that only the expected PCR 
product is synthesized. Go to www.idtdna.com/oligoanalyzer to calculate the Tm of your 
primers.

1. Set up and run the PCR using template, primers, and components of the KAPA HiFi 
 HotStart PCR Kit as follows:

Component Amount

Genomic DNA 1.5 µL (~5 ng)

Forward primer 300 nM

Reverse primer 300 nM

KAPA HiFi Fidelity Buffer (5X) 1X

dNTPs 1.2 mM (0.3 mM each)

KAPA HiFi HotStart DNA Polymerase (1U/L) 0.15 U

Total volume 10 µL

Cycling conditions: 5 min. 95°C; 30 X (20 sec. 98°C, 15 sec. xx°C, 60 sec. 72°C); 
2 min. 72°C. (xx = optimal annealing temperature from PCR assay validation)

2. Heat and cool PCR products in a thermal cycler to form heteroduplexes as follows:

Component Amount

PCR (from Step B1) 10 µL 

10X NEBuffer 2* 1.5 µL 

Nuclease-Free Water 1.5 µL 

Total volume 13 µL

 * Supplied with T7 Endonuclease I.

Thermal Cycler Settings: 10 min. 95°C; 95–85°C (ramp rate of –2°C/sec); 85–25°C 
(ramp rate of –0.3°C/sec).

3. Incubate the T7 digestion at 37°C for 60 min as follows:

Component Amount

PCR heteroduplexes (from Step B2) 13 µL 

1 U/µL T7 Endonuclease I* 2 µL 

Total volume 15 µL

 * Dilute T7 Endonuclease I to a concentration of 1 U/µL in 1X NEBuffer 2.

4. Visualize the digestion using one of the following methods:
 • Use agarose gels.
 • Dilute digestion with 150 µL of 0.1X IDTE, and run on a Fragment Analyzer™  
  system with the Mutation Discovery Kit (Figure 1, representative results).
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Figure 1. Representative results of a digestion from a Fragment Analyzer™ system.  
Percent cleavage = Average molar concentration of the cut products / (Average molar concentration of the cut 
products + Molar concentration of the uncut band) × 100. LM = lower marker; UM = upper marker.

Cleavage: 64.0%
Upper marker

Lower marker

Uncut band

Cut product 2
Cut product 1
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For additional information or assistance, visit www.idtdna.com/CRISPR or email us at  

applicationsupport@idtdna.com. 
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