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Conclusion 

The indel detection by amplicon analysis strategy (coined IDAATM) 

presented here enables sensitive, precise and reliable identification 

of indels in a high throughput mode providing detailed information 

of cutting efficiency, size and nature of allelic variants generated by 

any of the available precise gene editing technologies (Fig.1). The 

IDAATM strategy is user friendly and easily implemented in any 

standard laboratory, and we expect that this screening tool will 

greatly advance implementation and use of precise gene targeting. 

  

 

 
Results 

Current approaches available for identification of indels include: i) 

enzyme mismatch cleavage (EMC) assays1, which do not provide 

sensitive, reliable and accurate identification of the induced indel’s 

(Fig.2); and ii) Sanger or next generation DNA sequencing, which 

is costly, time and labor intensive, and poorly suited for high 

throughput screening of hundreds or thousands of clones often 

required to select for desirable multi-allelic editing events that 

often occur at low frequency (Fig. 4).  

 

Here, we report a novel strategy that combines use of a simple 

amplicon labelling strategy (Fig.1b) with the high throughput 

capability of DNA fragment analysis by automated Capillary 

Electrophoresis2 (Fig.1c) for simple detection and characterization 

of indels induced by precise gene targeting. The strategy is 

coined IDAATM for Indel Detection by Amplicon Analysis, and we 

demonstrate that IDAA is suitable for detecting indels in both cell 

pools with low efficiency targeting and single sorted cells. 

Furthermore, we show that IDAATM is ideally suited for high 

throughput detection of indels down single base events (Fig.2-7), 

estimation of “cutting” efficiencies of targeting tools (Fig.3), and 

evaluation of off-target events at candidate loci (Fig.6-7). 
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Figure 2. Comparative EMC1 and IDAA analysis of ZFN targeted 

clones with large indels or single base indel. EMC assays are 

commonly based on T4 endonuclease VII (T4E7), endonuclease V 

(EndoV), T7 endonuclease I (T7EI), CELI or Surveyor nuclease. Panel 

a: EMC (T7EI) assay of amlicons derived from a single LS174T clone 

(#10-8) targeted with Dual-GALNT6-ZFN. Cleaved products are 

indicated with asterix. Comparative IDAA of the same clone shown to 

the right. Panel b: EMC (T7EI) assay of amplicons derived from a 

single HeLa clone (DE4) targeted with COSMC-ZFN. Comparative 

IDAA of the same clone demonstrating a monoallelic -1bp deletion 

(indicated with and asterix) shown to the left, relative to the intact HeLa 

WT peak(0). Unmarked minor light grey peaks represent the 

GSLIZ600 standard.  
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Figure 6: Panel a: Schematic depiction of the gRNA2 target 

region in the Cosmc gene locus and candidate off-target loci with 1-

4 mismatches. Panel b: IDAATM of the top off-target candidate 

region with 2 mismatches in 10 single CHO cell clones. The Cosmc 

Cas9/gRNA2 targeted single cell sorted clones were from the 

experiment presented in Figure 3. Position of the intact amplicon 

indicated by 0 above peak (0bp indel). No off-target events were 

detected and this was confirmed by Sanger sequencing. LIZ600 

marker positions are shown as unmarked peaks within diagrams. 
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Figure 7. IDAATM of the top 21 off-target (OT) loci are shown for a single 

CHO clone (#7) targeted with Cosmc Cas9-gRNA2 from the experiment 

described for Figure 3. IDAATM of all 21 off-targets was performed on 

additional 9 CHO clones, and no off-target events were identified. IDAATM 

OT1 results are shown in Figure 6. Position of the only detected intact 

amplicon (representing the unmodified off target) is indicated by 0 above 

peak (0bp indel). Results were verified by Sanger sequencing of all 

amplicons analyzed. LIZ600 marker positions are shown as unmarked 

peaks within diagrams. Note, that the relative differences in amplicon 

product yields for the different targets shown, give rise to considerable 

variation in the intensities of the LIZ600 marker shown as unmarked peaks 

in the respective chromatograms. 
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Figure 1. Schematic depiction of the IDAATM strategy*. Panel a: Precise gene 

targeting creates double-stranded breaks that through NHEJ introduce indels at the 

target site. Panel b: Tri-primer PCR^ of the target region accomplished by use of 

target specific primers (F/R) flanking the target site and a universal 5’-FAM labelled 

primer (FamF) specific for a 5’-overhang sequence attached to primer F. Tri-primer 

PCR results in FAM amplicon labelling. Panel c: Fluorescently labelled amplicons 

containing the indels are detected by fragment analysis2. Axis represent 

fluorescence intensity (FI) and amplicon size in base pairs.  
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Figure 4. Schematic depiction of the labelled ZFN targeting vector for GALNT6 

(Dual-GALNT6-ZFN). Panel a: GFP, 2A peptides (2A1 and 2A2), 3xFLAG (3xF), 

nuclear localization signal (NLS), ZFN1 and ZFN2 for GALNT6 (GALNT6ZFN1 & 2), 

and 3xMyc (3xM) are indicated. Panel b: SDS-PAGE Western blot analysis of K562 

cells harvested day 1 (D1), 2 (D2) and 5 (D5) after nucleofection with the Dual-

GALNT6-ZFN plasmid targeting vector. Blots were reacted with anti-GFP, anti-FLAG, 

anti-Myc or anti-actin antibodies as indicated. Arrow heads indicate reactive bands 

with expected mobilities. For control transfections (C) K562 cells were transfected 

with monomeric Flag-tagged original ZFNs (Sigma-Aldrich) and harvested day 1. 

Panel c: IDAATM of a HepG2 cell pool at day 2 post nucleofection with Dual-GALNT6-

ZFN. The low efficiency and prevalence of +/-1bp indels were confirmed by MiSeq 

deep sequencing (panel d). Indel percentages (shown in parenthesis) were 

calculated from peak areas of the summed indel peaks relative to the total peak area. 

Panel d: Number of indels detected by MiSeq with indel sizes ranging from -5bp to 

+5bp shown. Note the profile and indel frequencies for the -1bp, 0, +1 bp matches 

the IDAATM profiles shown panel c.  
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Figure 5. Tri-allelic K562 KRAS CRISPR/Cas9 targeting evaluated by 

IDAATM: Tri-allelic K562 KRAS gene was targeted using a plamsid 

expressing Cas9-2A-GFP and KRAS gRNA as previously described4 

and indels were detected after 3 consecutive rounds KRAS 

CRISPR/Cas9 targeting followed by FACS sorting of GFP positive cells, 

cell expansion and re-transfection (1st, 2nd and 3rd hit of cells)  like 

previously described4. Panel a: IDAATM result of 1st, 2nd and 3rd rounds 

of transfected cells day 2 post transfection. Untransfected cell control is 

shown in upper panel. The appearance of an unspecific minor peak 

observed in this assay is indicated by an asterix. The position of the wt 

peak is indicated by filled arrow heads. Notably the wt peak is 

significantly diminished after the 3rd hit. Dominant peaks are marked by 

open arrow heads. Amplicon peaks are shown in blue and the LIZ500 

standard in orange. Panel b: EMC/T7-assay results of representative 3rd 

hit single cell sorted clones and 1st and 2nd hit cell pools. Phi-X marker is 

positioned in the flanking lanes. Arrow indicates the major uncleaved 

amplicon detected. Panel c: Sanger results from 96 single sorted clones 

after 3rd hit. All Sanger detected indels from 96 clones are summarized. 

Note the comparable profile for the indels detected in the pool of cells 

shown in panel a marked by open arrow heads. Panel d: 

Representative IDAATM results from 3rd hit single cell clones displayed in 

panel b. Notable only one wt allel was detected.  
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Figure 3. Evaluation of IDAATM for detection of indels in gene targeted CHO cell pools and derived 

single clones. Panel a: IDAATM of a pool of CHO cells at day two after nucleofection with Cas9 and 

four different gRNA designs targeting Cosmc. Shown from top are IDAATM of cell pools transfected 

with Cas9 alone, with gRNA1, gRNA2, gRNA3, and gRNA4 (bottom). The position of the unmodified 

wild type amplicon peak is indicated (0) and amplicon sizes (in bp) as determined by Peak Scanner 

software are indicated below peaks. Indel sizes determined (in bp) are shown above the most 

prominent peaks together with cutting efficiencies (calculated from peak area relative to total peak 

area) in percentage. Total cutting efficiency for gRNA1 and gRNA2 were estimated to 23% and 46%, 

respectively, while gRNA3 and gRNA4 were inactive. The relative frequency of indels produced by 

gRNA2 was confirmed by MiSeq deep sequencing (panel e) which further revealed that the 

predominant +1 insertion was an thymine insertion at a position three bases upstream of the PAM 

sequence (panel f). The GSLIZ500 standard peaks are shown in orange. Panel b: Comparative 

ICC analysis of the corresponding cell pools shown in (a) seven days after nucleofection with a 

monoclonal antibody (5F4) detecting the de novo induction of truncated O-glycans as a result of 

complete inactivation of Cosmc3 (arrow heads indicate single positive cells in pool). Panel c: 

Representative IDAATM analysis of single cell clones showing the 1bp resolution power of IDAATM. F. 

Panel d: Analysis of indels by Sanger sequencing showing distribution in the -5bp to +5bp range of 

individual single cell clones. Panel e: Number of indels detected by MiSeq deep NGS, indel sizes 

ranging from -10bp to +10bp are shown. Note the profile for the -4bp, 0, +1 bp matches the IDAATM 

and Sanger profiles shown in panels a and d. Y-axis is logarithmic. Panel f: Single cell clone 

Sanger identification of the predominant +1bp insertion identified by IDAATM,  as a thymine insertion 

at a position three bases upstream of the PAM sequence.  
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