
Droplet Digital PCR 
Precise Counting of Targeted Nucleic 
Acids has Never Been Easier 

Francisco Bizouarn 

Global Digital Applications Specialist 

Digital Biology Center 



2 

About ATCC® 

Founded in 1925, ATCC® is a non-profit 

organization with headquarters in 

Manassas, VA 

World’s premiere biological materials 

resource and standards development 

organization 

ATCC® collaborates with and supports the 

scientific community with industry-standard 

products and innovative solutions 

Broad range of biomaterials 

Cell lines 

Microorganisms 

Native & synthetic nucleic acids 

Reagents 

 

 

 
Used with permission from ATCC®, all rights reserved 
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ATCC® Molecular standards 

ATCC® Genuine Nucleics represents the largest and 

most diverse array of native, synthetic, and certified 

reference materials for use in: 

Molecular-based assays 

Quality control 

Establishing sensitivity, linearity, and specificity during 

assay validation or implementation  

Validating or comparing test methods 

Benchmarking critical assay performance during 

development and validation for regulatory submissions and 

production lot release 

 

 

 

Used with permission from ATCC®, all rights reserved 

www.atcc.org/GenuineNucleics 

Preparations are authenticated and characterized to ensure identity, integrity, purity, 

functional activity, and concentration 
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Droplets enable thousands of digital measurements 

One 

measurement 

Many thousands  

of discrete measurements 

Nanodroplet PCR reactions 

are independent, single 

amplification events 
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Droplet readings converted to a digital signal 

Positive droplets contain at least one copy of target DNA (cDNA) 

Positive droplets have increased fluorescence vs. negatives 

Quantasoft software measures the number of positive and negative 

droplets per fluorophore per sample 

 

 

Each positive counted as 1 

Each negative counted as 0 
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Counting positives to estimate target concentration 

Sample 1 Sample 2 

 
Sample 3 

 

Sample 4 

 

Low  

concentration 

High  

concentration 

NO  

targets 

Medium  

concentration 

Poisson corrected 

38/143 

Poisson corrected 

96/143 

Poisson corrected 

6.2/143 
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Increased number of partitions 

Sample 3 

 

Medium  

concentration 

Poisson corrected 

38 
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Increased number of partitions 

Sample 3 

 

Medium  

concentration 

Poisson corrected 

38 

Poisson corrected 

55 800 

P=16 076 /17 451 

Well A3 
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Software calculates number of target molecules   
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What kind of results can we expect 

from Digital PCR? 
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2-fold serial dilutions of S. aureus 

Each data point = single well 

S. aureus dilutions (copies/µl) 

Constant human gDNA (RPP30) 

1 

0               8,000 0               8,000 0               8,000 0               8,000 
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zoom in 

4 merged wells of each 2-fold serial dilution 

Each data point = meta well 
1 

S. aureus dilutions (copies/µl) 

Constant human gDNA (RPP30) 
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zoomed  

in 

S. aureus dilutions (copies/µl) 

Constant human gDNA (RPP30) 

Each data point = meta well 

Excellent precision from 10% dilutions 



Precision independently verified and observed,  
+/- 1.5% uncertainty over theoretical value 

Gravimetric Experiments Conducted at National Measurement Institute, NSW (Australia) 
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Excellent reproducibility and linearity across concentrations and instruments 



Quantitative analysis of food and feed samples with droplet digital 
PCR, Morisset D et al, PLoS One 2013 May 2;8(5) 
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Multiplexing 

singleplex 

multiplex 

multiplex 

singleplex 
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Why use 20 000 partitions? 

10 000 partitions is a “sweet” 
spot where Poisson distribution 
uncertainty is low (blue area) 
and uncertainty due to droplet 
variability is also low (green 
area). 

 

Increasing droplet number (as 
long as they are of uniform size) 
does can decrease Poisson 
error somewhat.   

 

If partitions are not of uniform 
size, partition variability and 
limiting dilution error (not shown) 
contribute to total uncertainty.   

Pinheiro et al, Anal.Chem(2012) 84,1003 



19 

Advantages of ddPCR over other quantitative methods 

Quantitative resolution 

 

Absolute quantitation not dependent on 
standards and other comparative templates 
that may or may not properly represent the 
matrix the experimental sample is in 

 

Tolerance to minor inhibitors that affect 
amplification 

 

Unforeseen point mutations on primer 
annealing sites have less impact on 
quantitative accuracy  

 

Multiplex reactions are less prone to assay 
reagent depletion causing false negatives in 
low abundance targets 



Examples in the literature 
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Copy Number Variation 
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Copy Number Variation: What is the challenge? 



Challenge 

Techniques such as qPCR can 

differentiate 1 from 2 from 3 

copies with relative ease when 

using robust assays and 

reasonable amounts of template. 

 

Accurate quantification at higher 

levels (ex 5 from 6 copies) can 

prove difficult. The difference in 

C(q) is small and these values 

need to be normalized to 

reference genes. Propagation 

error form standards and 

efficiencies add to the complexity.   

 

 

 

Gonzales et al., 2005. 



Measuring copy number for MRGPRX1 

ddPCR individual wells  ddPCR merged wells  
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CCL3L1 Copy Number Analysis of 11 HapMap samples 

• Merged duplicate wells w/ 16.5ng DNA each – 95% CI’s 

10 vs 11 

Higher CNV level discrimination 



Can we tell if gene copies are on different chromosomes?  

VS 

Normal Deletion Carrier 

Problem: determine if a normal-seeming CNV=2 is a deletion carrier:  

Approach: compare CNV estimates with and without restriction digestion. 



Can we tell if gene copies are on different chromosomes?  

With restriction digestion 

Two tandem copies: Two unlinked copies: 

No restriction digestion 

Expect lower CNV 

estimate 

Expect higher CNV 

estimate 



The precision of ddPCR uniquely allows haplotyping of CNV copies 

Sample 1 

Cut        UnCut 

Sample 2 

Cut        UnCut 

Sample 3 

Cut        UnCut 

Sample 4 

Cut        UnCut 

Sample 5 

Cut        UnCut 

Sample 6 

Cut        UnCut 

Lower CNV values when 
sample is not digested 
suggests that both copies are 
proximal or on the same 
chromosome.  

* Data for MRGPRX1 

CONFIDENTIAL 



Examples in the literature 
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Rare Mutation Detection 



Rare mutation detection challenge 

 

Growing set of somatic mutations are of key 

importance for diagnostics, prognostics, and 

therapeutics 
Kinases (serine, tyrosine) 

Phosphatases 

 

Biggest application is in clinical diagnostics 
Body fluids 

Whole blood, serum, plasma, urine 

Peripheral Blood Mononuclear Cells (PBMCs) 

Biopsies and FFPEs 
 

The detection of mutations in heterogeneous 
samples increases in difficulty as the 
abundance of mutant genes decreases 
Needle biopsies where most of the sample is 

normal tissue 
Blood samples where aberrant cells are highly 

diluted  
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Rare mutation detection challenge 
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Cancer/rare mutation detection -RMD 

NTC WT only 1% MT 

KRASG12A assay 

(~270ng) 
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NTC       WT       0%   0.004%   0.01%     0.03%   0.11%   0.33%      1%       3% 

KRAS(G12A) fractional abundance (% Mutant) 

3 replicates 

R² = 0.9939 



Examples in the literature 

Q uantitative and Sensitive D etection of Cancer Genom e Am plifications 
from  Form alin Fixed Paraffin Em bedded Tum ors w ith D roplet D igital PCR

Keywords: Cancer; gene; Ampli cations; Copy number variations; 

Archival cancer sample

Introduction

Genomic ampli cations, a type of DNA Copy Number Variation 

(CNV), are common features of cancer genomes. ese ampli cations 

o en lead to overexpression of speci c cancer oncogenes that act as 

“drivers” in cancer development. As a result, these ampli ed oncogenes 

provide pro-growth signals that lead to tumor proliferation [1]. 

Inhibition of these ampli ed oncogenes and their e ector signaling 

cascades o en leads to arrest of tumor growth and cell death. us, 

oncogenes residing within cancer genome ampli cations provide 

potential therapeutic targets that are speci c to a given tumor [2]. 

For example, a signi cant proportion of breast and gastric cancers 

have ampli cations of the gene ERBB2, otherwise referred to as 

HER2, which is an oncogenic growth factor receptor. e ERBB2 

gene product is a target for the therapeutic antibody, trastuzumab and 

other small molecule inhibitors in cancer [3]. Given the existence of 

therapeutics to treat speci c gene ampli cations in a “personalized 

medicine” approach, there is great interest in the accurate and timely 

identi cation of genomic ampli cations of speci c oncogenes. 

Current detection methods include real-time PCR, high-density 

array Comparative Genomic Hybridization (CGH) methods, Single 

Nucleotide Polymorphism (SNP) microarrays and Fluorescence In 

Situ Hybridization (FISH). While these approaches have generally 

performed well, they are handicapped by the issues of sensitivity of 

detection. For example, tumors are o en associated with normal 

stroma that e ectively dilutes the presence of genomic ampli cations 

and thus makes detection of ampli cations substantially more di cult.

Another challenge for cancer genome ampli cation analysis is that 

the vast majority of clinical cancer samples are processed as Formalin 

Fixed Para n Embedded (FFPE) tissues. For clinical pathology 

laboratories, this is a universal preservation method, because [1] 

it maintains morphological features of the tumor; [2] it enables 

histopathologic examination with a number of immunohistological 

staining processes and [3] it can be stored inde nitely at room 

temperature. However, the FFPE xation process causes irreversible 

damage to the sample genomic DNA via cross linkages and increased 

fragmentation. As a result, genomic DNA extracted from FFPE 

material is o en of poor quality. erefore, analysis of FFPE-derived 

genomic DNA using PCR-based or microarray-based assays for 

genomic ampli cation can be technically challenging.

We developed a robust solution for measuring genomic 

ampli cations in FFPE tumor samples using droplet digital PCR 

(ddPCR) [4] that is sensitive enough to detect abnormal genomic 

ampli cations even if the sample contains only a small fraction of tumor 

cells. e ddPCR method requires nanogram amounts of genomic DNA, 

thus facilitating the study of rare samples. As described by Hindson et 

al. the ddPCR method involves emulsifying the sample which provides 

speci c advantages for highly sensitive and speci c detection of certain 

genomic events including CNVs such as ampli cations [5]. In the case 

of our copy number assay in the post-ampli cation reaction, emulsion 

droplets are streamed single- le into a capillary that leads past a two-

color detector; where the positive droplets for the target and reference 

genes are “counted” for quantitation as generally shown in gure 1. 

We demonstrate here the robustness of ddPCR for highly sensitive and 
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Genome Editing Experiments 
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Pathways for genome editing 
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Quantification of genome editing events by ddPCR (1)  

 HDR (Homologous Directed Repair) 

Gene or tag insertion: creation of new sequence 

 

 

 

 

 

Gene correction or point mutagenesis: rare mutation detection 

 

Pro For 

Rev 

WT Pro 

For 

Rev 
Mut Pro 
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Quantification of genome editing events by ddPCR (2)  

 NHEJ (Non Homologous End Joining): loss of signal on one of the 2 

WT probes 

Pro 1 For Rev 

Pro 1 

Pro 2 

Mutation 

(Probe 1 

only) 

WT (double 

positive) 
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Haplotyping 
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What is linkage? 

When two genomic loci are physical connected to one another 

versus 

Linked 

 

 

 

 

 
 

Not  

Linked 
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Who is interested in linkage and why is it important? 

Lifescience researchers and labs performing molecular diagnostics*  

Cis/Trans configured genomic variants 

E.g. CFTR, 

(c.350G>A & 5T 

allele) 
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Diseases influenced by compound heterozygosity in single genes  

1.  Cystic Fibrosis 

2.  Cerebral palsy 

3.  Deafness 

4.  Turcot’s syndrome 

5.  Chondrodysplasias 

6.  Hyperphenylalaninaemia 

7.  Blistering skin 

8.  Charot-Marie-Tooth neuropathy 

9.  Haemachromatosis 

10.  Miller syndrome 

11.  Mediterranean fever 

12.  Paraganglioma 

13.  Ataxia-telangiectasia 

14.  Glycogen storage type II  

15.  Fructose-1,6-bisphosphatase. 

 

The list hampered by the 

lack of tools to easily 

determine phase 
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Additional Applications 



Rare Species Detection:  HHV6 in human gDNA  (1 in 1.7M) 

4 HHV6 positives 

in ~8M human 

genomes  

(4.5 expected) 

Pos controls HHV6 spike-in Neg controls 

(25 genomic equivalents of 

Hu gDNA/droplet) 

 

False pos rate = 0/60 wells 
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Single-cell transcript detection 

Tissue-specific Gene Expression 

miRNA’s in plasma 

Her2 mRNA in FFPE samples 

Gene expression applications  
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NGS insert size, quantity, and quality 

Combination of insert sizes enables detection of the widest range of 

structural variant types, essential for accurately identifying more complex 

rearrangements 

 

Well-formed fragments, 

will make good clusters 

 

Ill-formed fragments or 

adaptor-adaptor, cannot 

make clusters 
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Telomerase repeat amplification protocol (TRAP) 
M

a
k
e

 c
D

N
A

 
P

e
rf

o
rm

 P
C

R
 

ACX 

TS 

(Kim et al. 1997) 

    100 cells/rxn   
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What are researchers doing with ddPCR 

Mainstream Applications 

Detection and Quantitation 

Rare Mutation Detection 

Copy Number Quantitation 

Gene Expression 

NGS Library Quant 

 

Additional ddPCR Applications 

Allele Specific Gene Expression 

MicroRNA 

Methylation Studies 

Haplotyping 

TRAP Assay (Telomerase) 

Genome Editing 



50 

Additional applications 

Water treatment testing 

Waterborne viruses and pathogen testing 

Asian Carp population studies  

Cow Mastitis 

Malaria Mosquito sexing 

Canine mammary Carcinoma 

Fetal ccfDNA 

… 
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What is the work involved? 
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Droplet digital PCR workflow 

Make Droplets PCR Droplets Read Droplets Results 

Partition reagents and sample into 20,000 droplets 

Perform PCR on thermal cycler  

Count droplets with a positive PCR product (fluorescent) and a negative 

PCR product 

Digital readout provides concentration of target DNA 
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Preparing sample and reagent mixture 

Primers  

and probes 

DNA 

sample 
Disposable cartridge 

emulsifies 8 samples independently  

ddPCR supermix 

droplets 

oil 

sample 
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Generating droplets 

96 well Droplet Plate 

QX200TM Auto DG Droplet Generator 

96 well Reaction Plate 
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Amplifying droplets 
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Making droplets 

Place loaded cartridge into QX200 Droplet Generator 

Generate 20,000 droplets per sample, 2 ½ min for 8 samples 
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Reading droplets 

QX200TM Droplet Reader 
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Software calculates target copies  



Additional workload (96 samples) 

QX200TM Droplet Generator QX200TM Auto DG Droplet Generator 

Less than 5 minutes 40 minutes 
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Labor involved 

96 well Reaction Plate 

Total process time from PCR reaction plate to results – approx 5 hours (96 
wells). 

 

Total hands on time – less than 45 minutes. 

 

Staggered processing allows for 3 plates in an 8 hour work day (4 with an 
overnight run). 

 

Analysis time – approx equivalent to 96 well qPCR plate. 
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Labor involved 

96 well Reaction Plate 

Total process time from PCR reaction plate to results – approx 5 hours (96 
wells). 

 

Total hands on time – less than 5 minutes. 

 

Staggered processing allows for 3 plates in an 8 hour work day (4 with an 
overnight run). 

 

Analysis time – approx equivalent to 96 well qPCR plate. 



Conclusion 

 

Additional ddPCR Applications 

Allele Specific Gene Expression 

MicroRNA 

Methylation Studies 

Haplotyping 

TRAP Assay (Telomerase) 

Genome Editing 

 

 

 

Technological advantages 

Absolute Quantitation independent of an external reference 

High resolution quantitative and detection  

Affordable cost per result with minimal labor. 

 

 

 

 

 

Common Applications 

Nucleic acid quantitation and 

detection (viral, pathogen, GMO, 

etc..) 

Copy Number Variation analysis 

Rare Mutation Abundance 

High resolution Gene expression 

Proximity studies (phasing) 

NGS library quant 

… 
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Thank you! 

R²=0.9998 
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Thank you! 

Register for more webinars in the ATCC® “Excellence in Research” 

webinar series at www.atcc.org/webinars. 

 

 

 

Used with permission from ATCC®, all rights reserved 

Thank you for joining today! 

Please send additional questions to tech@atcc.org  

November 13, 2014 

10:00 AM, 3:00 PM EST 

John Pulliam, Ph.D., Field Application Scientist, ATCC 

3D Tissue Modeling 

http://www.atcc.org/webinars

