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APPLICATION NOTE 

Droplet WGA 

 

 

Improved Whole Genome Amplification with Xdrop™: Even 
Coverage through unbiased, single-molecule amplification 
 
Background 

Whole genome amplification (WGA) enables downstream 
molecular analyses of highly limited samples. The 
complete genome of small organisms, blood spots, or 
sorted cells is amplified in bulk, typically using some 
form of isothermal and/or PCR based system. Such 
methods include bulk multiple displacement amplification 
or MDA.1 Unfortunately, bulk amplifications generate 
errors, artifacts and biases that produce false mutations 
and allelic dropout.2 Xdrop™ offers an elegant solution 
to overcome these issues. Individual DNA fragments 
from the samples are compartmentalized into droplets 
to run independent amplification reactions and thus 
ensure even coverage of the entire genome. 

Xdrop™ partitions DNA fragments isolated from a 
sample into millions of droplets. Each droplet also 
contains reagents and primers for multiple 
displacement amplification (droplet MDA). Any DNA 
present in the droplet, regardless of sequence, is thus 
amplified by a high-fidelity, proofreading Phi29 enzyme 
and the isothermal reaction is gentler on the DNA 
template, leaving it intact for downstream analyses. 

The generation of droplets and subsequent dMDA is 
automated. The resulting amplicons are then released 
from the droplets and can be used directly in next-
generation sequencing. This simple and user-friendly 
approach addresses the most common challenges of 
WGA using alternative solutions: 

• Xdrop™ requires significantly less input material 
(1 pg DNA) 

• Single-molecule amplification eliminates bias, 
ensures even coverage of the entire genome, and 
reduces the risk of forming chimeric molecules 

• The outcome is 100–1000x more sensitivity with 
no background amplification 

The Xdrop™ Technology 

The Xdrop™ technology combines high-resolution 
droplet PCR (dPCR) with droplet sorting and multiple 
displacement amplification in droplets (dMDA) to enrich 
long (~100 kb) target DNA regions offering better 
biological representation for downstream applications. 
The dPCR step is used to sort out target molecules for 
subsequent dMDA. In the case of WGA, this step is 
omitted. The entire genome is used in the dMDA step. 

A brief description of the complete Xdrop™ workflow 
begins with the partitioning of sample DNA into millions 
of double emulsion droplets. Droplets containing the  

target DNA molecules are identified by a targeted dPCR that 
specifically amplifies a 120-160 bp Detection Sequence 
within or adjacent to the region of interest (ROI). This 
amplicon is exclusively used to detect, select and enrich 
the full-length ROI. 

The detection and sorting of droplets are performed using 
a standard flow cytometer, 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 
• Integration of Transgenes & Viral DNA 

Comparing Xdrop™ dMDA to bulk MDA methods 

Chromosomal DNA from Escherichia coli was used to 
compare the performance of Xdrop™ droplet MDA to three 
selected bulk MDA methods. Following manufacturer’s 
instructions, MDA solutions from three alternative suppliers 
were used to amplify different concentrations of E. coli DNA, 
ranging from 1 pg to 1 ng. Amplified reactions were used in 
library preparation for Illumina sequencing. 

Sensitive amplification without misleading background 

The amount of output DNA resulting from a given 
amplification was measured for a serial dilution of input E. coli 
DNA and compared among the tested solutions.  
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While some of the bulk MDA solutions struggled to 
amplify the low-input samples and others generated a 
measurable product in the no-template control, Xdrop™ 
produced consistently sensitive results and no 
background noise. 

Unbiased and even coverage of the genome 

Across the various sample input amounts tested, Xdrop™ 
dMDA generated unbiased amplification outputs that 
lead to even coverage in the sequencing libraries. The 
spread in relative coverage over the sequenced genome 
is minor for Xdrop™ compared to the other tested 
methods. 

 

In fact, 99% of the target genome was covered more 
than once by sequencing reads from libraries 
generated with Xdrop™ dMDA output, even at input 
amount as low as 1 pg. 

 

Accurate representation of the genome 

Bulk MDA methods can generate errors.2,3 For example, 
during the amplification reaction, two similar molecules 
can recombine. Taken as a template for further 
amplification, they produce intermolecular chimeric 
products.1,4 Bulk MDA can also lead to allelic dropout, 
when one of the alleles present in a heterozygous sample 
is not amplified.2 In this comparison, dMDA minimized 
the risk of such errors by compartmentalizing the 
amplification reaction with each droplet containing, on 
average, one DNA molecule. As a result, nearly every read 
in the downstream sequencing mapped to the target 
genome, even with 1 pg input DNA. This was not the case 
for the bulk MDA approaches. 

 

 

 
 
Conclusions 

Droplet MDA in the Xdrop™ workflow enables highly sensitive, 
accurate and unbiased WGA of DNA in single-digit picogram 
amounts. Compared to alternative bulk MDA solutions, 
sequencing libraries constructed from the dMDA amplicons 
lead to reads that evenly covered more of the genome. This 
accurate representation of the genomic content of biological 
samples is a hallmark of the Xdrop™ technology. Featuring an 
automated and easy workflow, Xdrop™ is a promising new way 
of extracting information from precious samples. 
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Uniform coverage = Unbiased amplification 
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