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APPLICATION NOTE 

CRISPR Edit Assessment 

 

 

Verifying CRISPR Editing with Xdrop™: Indirect Sequence 
Capture and Detection of Unintended Edits 
 
Background 

CRISPR-Cas9 systems are today’s most popular tool for 
genome editing and engineering. Guided by a synthetic 
RNA, CRISPR-Cas9 generates double-strand breaks in a 
cell’s genome and triggers cellular non-homologous end 
joining or homology directed repair mechanisms that 
result in removal and/or insertion of sequences at specific 
locations. CRISPR-Cas9 systems are easier and cheaper to 
design than zinc finger nucleases or transcription activator-
like effector nucleases (TALEN) which require the creation 
of custom proteins. Applications for CRISPR-Cas9 range 
widely, from crop engineering to gene therapies. 

Xdrop™ enriches long (~100 kb) target DNA regions by 
amplifying a Detection Sequence corresponding to a 
small portion of the Region Of Interest (ROI) or in 
flanking regions. This amplicon is exclusively used to 
detect, select and enrich the full-length ROI, which is then 
captured and sequenced. 

 

Current CRISPR-Cas9 editing checkpoints focus on off-
target edits and unintended InDels in the immediate 
vicinity of on-target modifications, but more complex 
changes can occur further away.1,2 We evaluated Xdrop™ 
technology on five isogenic cell lines, four of which were 
CRISPR-engineered, as a comprehensive tool to assess 
potential CRISPR editing beyond the immediate 
surrounding of the target. 

The Xdrop™ Technology 

The Xdrop™ technology combines high-resolution 
droplet PCR (dPCR) with droplet sorting and Multiple 
Displacement Amplification in droplets (dMDA). 

 

 

Firstly, Xdrop™ partitions the DNA into millions of double 
emulsion droplets. Droplets containing the target DNA 
molecules are identified by a 120-160 bp targeted dPCR 
specific to a Detection Sequence within or adjacent to the 
region of interest. 

The detection and sorting of droplets are performed using 
a standard cell sorter, which allows the PCR positive 
droplets containing the ROI to be collected. The sorted long 
DNA fragments are finally amplified in droplets (dMDA) to 
ensure unbiased DNA amplification. 

The Xdrop™ enrichment and amplification technology 
are compatible with both long- and short-read library 
preparation and sequencing. 

Main Applications of Xdrop™ targeted enrichment 
 

• Structural Variations 
• Tandem Repeats 
• GC-rich Regions 
• Gap-closing 
• CRISPR edit verification 
• Integration of Transgenes & Viral DNA 

Experimental Setup for Cell Line Genome Enrichment 

Four isogenic cell lines designed as model systems for 
Alzheimer’s Disease were created from BIONi010-C, a cell 
line with the genotype e3/e4 for the APOE gene on 
chromosome 19.3 Two of the novel cell lines were 
constructed by editing two single-nucleotide positions 
(rs429358 and rs7412) in Exon 4 to create first a 
homozygous  e3/e3 cell line, and then from that cell line a 
homozygous e2/e2 cell line (see figure below). The two 
single-nucleotide positions were only 139 bp apart. 
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The Xdrop™ technology was applied to enrich DNA from 
the four cell lines using a primer set targeting 129 bp on 
chromosome 19 (position: 44,906,188–44,906,317).  

After droplet PCR (dPCR), the double emulsion 
droplets were stained with Droplet dye and sorted on a 
SONY SH800 cell sorter with 100 µm nozzle sorting 
chip. Positive fluorescent droplet containing the target 
DNA represented roughly 0.01% of all dPCR droplets 
and were easily gated and sorted. 

Released into solution, target long DNA sequences were 
re-encapsulated for amplification by droplet MDA 
(dMDA). The amount of enriched DNA subsequently 
released from dMDA droplets was measured by 
fluorometry and fragment size evaluated on a 
TapeStation™ (Agilent). 

Library Preparation and Sequencing 

DNA libraries were prepared directly from Xdrop™ 
enriched DNA samples and sequenced on Oxford 
Nanopore’s MinION (ONT) and Illumina’s iSeq (ILL). 

Enrichment Estimate and Sequencing Coverage 

The enrichment with Xdrop™ and subsequent short-
read and long-read sequencing enabled examining 
~100 kb around the edited region with an average 
enrichment of ~200x. The figure below shows read 
coverage with both sequencing platforms for a 100 kb 
and 10 kb region around the Detection Sequence.  

 

Detection of Unintended Edits 

Analysis of the Xdrop™ enriched fragments detected an 
unintended insertion of approximately 3.4 kb near the 
edited region in two of the lines, APO-e2/e2 and APOE-
e3/e3. Positions 44,908,822–44,908,829 of chromosome 
19 were replaced with a fragment from a modified pEasy 
Flox plasmid containing an insert of the human MAPT 
gene.4 This plasmid was used to co-transfect the cell 
lines with resistance to neomycin so nucleofected cells 

could be selected. The plasmid should not have been 
present in the final cell lines nor integrated into their 
genomes. 

The insertion went undetected by other assessment 
methods because it affected only one of two haplotypes 
(the C-C haplotype). The original primers used to validate 
editing when these cell lines were constructed amplified 
a 227 bp region including the two edited single-nucleotide 
positions. With the insert, the primer distance expanded 
to >3.5 kb, preventing amplification with a standard PCR 
design (see figure below). Given that the other haplotype 
(T-C) was still present, its amplification and analysis gave 
the impression that the haplotype C-C was correctly 
modified, and the cell line genotype was T/T – C/C. This 
insertion occurred originally in the APOE-e3/e3 cell line 
and was passed on undetected to the constructed  
APOE-e2/e2 line. 

 
Xdrop™ technology allows verifying CRISPR editing by 
targeted short- and long-read sequencing. Its broader scope 
to detect and resolve potential unintended modifications 
further away from the edit regions is a game-changing 
feature, ensuring the right outcome of gene therapies and 
accurate conclusions from model studies.  
 
Conclusions 

Xdrop™ empowers applications with a simple design and the 
Indirect Sequence Capture of long DNA fragments (~100 kb). 
This workflow simplicity, coupled with long- and/or short-read 
sequencing, makes Xdrop™ an exceptionally well-suited tool 
for any CRISPR-based genome editing or engineering where 
demonstrating accuracy and fidelity is of essence. 
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