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Resolving repetitive and GC-rich regions 
with Xdrop®: Indirect sequence capture on 
Epstein Barr Virus
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Figure 1. Representation of the circular EBV genome showing 
(from outside to inner circle) coding exons, regulatory elements, 
contigs generated by Lin et al., repeat regions. The detection 
sequence is shown in green. The location of the unknown repeat 
region is marked in blue. Modified from Lin Z, et al. 2013.

Summary
• Epstein Barr Virus (EBV) has been associated with 

several cancers as well as a wide range of other 
diseases. However, the genomic characteristics of 
the EBV are relatively poorly understood.

• Here, we use Xdrop for enriching a repetitive and 
GC-rich region of the EBV from a complex sample.

• We resolve the sequence of a previously unknown 
genomic region demonstrating that Xdrop enables 
the study of complex genomic regions.

Introduction
PCR and probe-based targeted DNA enrichment 
approaches require intensive design optimization 
and the knowledge of the Region of Interest (ROI) 
in full length. These conventional approaches also 
fail in characterizing complex genome contexts (e.g., 
repetitive regions, structural variations, GC-rich 
regions), as well as unknown and rearranged regions.

To circumvent these limitations, we have developed
Xdrop, a novel microfluidic approach for Indirect 
Sequence Capture. Xdrop encapsulates the DNA 
fragments into millions of droplets that can then be 
sorted and collected. The DNA can be released from 
the droplets and amplified thereby enriching the ROI.

With Xdrop, we resolved the DNA sequence of an 
unknown repetitive and GC-rich region of the Epstein 
Barr Virus (EBV) from a complex sample including 
human genomic DNA and EBV genetic material, 
mimicking an infected individual.

Experimental Setup for EBV enrichment
Epstein-Barr virus (EBV) is associated with a variety of
diseases ranging from infectious mononucleosis to 
various types of cancer. However, the understanding 
of the genomic features and variety of EBV is relatively 
inadequate, in part due to the low viral copy number 
in patient samples.

To address this, Xdrop was applied to enrich for EBV 
DNA in a sample of human genomic DNA mixed 

with EBV, using a primer-set targeting 89 bp on 
the EBV genome (Detection Sequence, Positions: 
50165- 50251, Accession: NC_007605) (Figure 1). 
With Xdrop and a DE20 Cartrdige, DNA and primers 
were encapsulated together with PCR reagents in 
millions of picolitre double-emulsion droplets. DE20 
droplets generated by Xdrop are uniform in size and 
compatible with thermal cyclers and flow cytometry.

Selection of detection sequence-positive droplets
with flow cytometry
After droplet PCR, the droplets were sorted using a 
Bio-Rad S3e flow cytometry cell sorter (Figure 2). All 
droplets were stained with a fluorescent dye (Samplix 
droplet dye). The double-emulsion droplets were 
gated from the total mix of all produced droplets 
and accompanying pure oil droplets based on their 
physical properties (forward and side scatter). The 
double-emulsion droplets containing the detection 
sequence were excited by the 488 nm laser and 
could easily be distinguished in the green channel.
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Mapping to EBV genome
After sorting and droplet MDA amplification, DNA libraries 
were prepared and sequenced on PacBio RSII.

The sequencing reads were mapped to the EBV reference 
genome (NC_007605) and the unknown region was 
reconstructed by long-reads mapping.

Xdrop enriched for a region of ~40 kb around the 
Detection Sequence, where the target selection primer 
pair was designed (Figure 3). The region included a 1,5 
kb sequence with high GC-content (76-91% GC) consisting 
of 12 repeats, each 125 bp in length. The repeats are 

positioned in the EBV-IR2 region, approximately 10 kb 
from the enrichment primers. This specific region is 
known to be highly challenging to sequence due to the 
combination of high GC-content and repeat sequences.2

Conclusion
With Xdrop, we successfully characterize a complex 
region of interest in the EBV genome, including a 1,5 kb 
GC-rich region using a single primer set for the detection 
and sorting of long DNA fragments (Figure 3).

The ability to resolve a repetitive and GC-rich region 
opens the door to settle many other challenging regions, 
which represent a big proportion of genomes. Combining 
Xdrop enrichment with long-and short-read sequencing 
technologies can provide the high resolution needed 
to resolve complex genomic scenarios with a quick 
and affordable approach, bypassing whole genome 
sequencing.

For more information about Xdrop products and 
applications, visit samplix.com.

Samplix® and Xdrop® are registered trademarks of Samplix ApS. Xdrop products are for research use only, not for use in diagnostic 
procedures. Bio-Rad S3e™ is a registered trademark of Bio-Rad Laboratories. PacBio RSII™ is a registered trademark of Pacific 
Biosciences. Registered names and trademarks, etc. that are not specifically marked should not be considered unprotected by law. © 
2024 Samplix ApS. The data within this application note was collected in 2018.

Figure 2. Flow cytometry sorting of double-emulsion droplets. Top plot 
shows the identification of double-emulsion droplets (blue box). Bottom 
plot demonstrates the fluorescence of gated double-emulsion droplets 
excited at 488 nm. A clear population of fluorescent droplets containing 
DNA from the detection sequence (positive droplets, green) can be 
discerned from the negative droplets.
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Figure 3. Mapping of obtained reads to the EBV genome. The green line 
shows the position of the Detection Sequence defined by the enrichment 
primer pair. The red line indicates the position of the 1.5 kb GC-rich repeat 
region, which is depicted closer in the bottom graph.
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