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What Is Digital PCR? 
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PCR reaction that is partitioned 

What is Digital PCR? 
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Digital PCR is not new: 1998! 

―Here, we describe an approach 

for transforming the exponential, 

analog nature of the PCR into a 

linear, digital signal suitable for 

this purpose.‖ 

 Bert Vogelstein,  9236–9241, doi: 10.1073/pnas.96.16.9236 
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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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Partitioning Increases Relative Abundance of Rare 
Events 

 Bulk Sample – 1 X 20 μL 

 
40,000 wildtype molecules  

40 mutant molecules 

19,960 droplets w/o mutant 

40 droplets w/ mutant 

ddPCR Partitioned Sample – 20,000 × 1nL 

Mutant abundance 0.1% 

Mutant abundance 33%  
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Droplet Readings Converted to a Digital Signal 

 Positive droplets contain at least 1 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 



Counting Positives to Estimate Target Concentration 

Sample 1 Sample 2 

 

Sample 3 

 

Sample 4 

 

Low  
concentration 

High  
concentration 

No  
targets 

Medium 
concentration 

P = 0 positive/143 total P = 6/143 P = 34/143 P = 70/143 

Poisson corrected 

6.2/143 

Poisson corrected 

38/143 

Poisson corrected 

96/143 



Software Calculates Number of Target Molecules   
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Advantages of Droplet Digital PCR (ddPCR) 

ddPCR improves precision, sensitivity and reproducibility  

Endpoint PCR (0’s or 1’s) 

Less sensitive to PCR efficiency 

No standard curve 

Easy to analyze and interpret 

 

Used for challenging applications 

Detect < 2-fold difference of DNA target between samples 

Quantitate low input concentration of DNA target 

Quantitate a rare DNA target in a large wild-type background 
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Workflow 



ddPCR Workflow 

QX200™ 

Droplet Reader 

Cycle Droplets 

C1000 Touch™ 

Thermocycler 

Read  

Droplets 

Droplet 

Generator 

Partition 

Samples into 

Droplets 



Key Technical Advantages to Droplet Digital PCR : 

Power In Partitioning  

Bulk:  

one measurement 
Droplets:  

many thousands  

of independent discrete  

measurements 

 Absolute quantification 

– Input target counting 

– No relative quantification 

– End-point measurement 

 High precision 

– Reproducibility 

– Discriminability 

 High sensitivity 

– Rare events 

 



Prepare Sample & manual droplet generation 

Prepare samples exactly the same as qPCR or PCR 

ddPCR 

supermix 

Primers/probes 

 

DNA or RNA 

sample 

3. droplets 

2. oil 

1. sample 

Compatible with probes  

(FAM and HEX/VIC) or EvaGreen 



Automated Droplets Generation (optional) 

Generate thousands of droplets hands-free in the 

 Automated Droplet Generator 



Amplify Droplets 

C1000 

Touch™ 

Thermocycler 

Thermal cycle droplets to end point 



Read Droplets 

Fluorescence signal detected for each droplet 



Automated Data Analysis 

Positive 

Droplets 

Negative 

Droplets 

Threshold 

QuantaSoft™ plots fluorescence signal of droplets 
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QuantaSoft Software: 
 A Rich and Versatile Analysis Suite  

1-D Temporal Plot 2-D Cluster Plot 

Concentrations Plot 

Exportable Results Table 



Generate Read Amplify 

~3 minutes 110 minutes ~12 minutes 

~2h15 from samples to results 

2 colors analysis 

~10 minutes 

~20 mn hands-on time 

8-samples to result time 



Generate Read Amplify 

~40 minutes 110 minutes ~150 minutes ~10 minutes 

2 colors analysis 

Manual 96-samples to result time 

~5h10 from samples to results 

~1 h hands-on time 



Generate Read Amplify 

~40 minutes 110 minutes ~150 minutes ~10 minutes 

2 colors analysis 

Automated 96-samples to result time 

~5h10 from samples to results 

~20 mn hands-on time 
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Bio-Rad’s QX200 (IVD) Droplet Digital PCR System 

Consumables 

Droplet Reader (DR) 

Reagents 

Droplet Generator (DG) 

Automated Droplet 

Generator (ADG) 

Thermocycler C1000 

Thermoscelleuse PX1 
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Bio-Rad solutions for the clinical diagnostic market 

Bio-Rad QX200™ CE-IVD Droplet Digital PCR System 

AutoDG System CE-IVD & Universal Reagents CE-IVD kits 
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Estimating concentration 
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Estimating Target Concentration 

You do not need to dilute your starting sample so that each 

droplet contains either 0 or 1 copies of target 

ddPCR can handle multiple target copies per droplet 
 

There is a random distribution of independent events when target 

copies are partioned into droplets from starting sample 

No physical link binds the molecules together or pushes them apart 

from one another 

Poisson law 

of small 

numbers 

Siméon Denis Poisson 

(1781-1840) 

http://en.wikipedia.org/wiki/File:Simeon_Poisson.jpg
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Droplet Digital PCR Applications 

Copy Number Variation (CNV) 

Rare Event Detection (RED) 

Absolute Quantification (ABS) 



CNV Applications 

Copy Number Variation (CNV) 

ddPCR interest 

Applications 

Validated (Peri) Centromeric 
Reference Assays 
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Copy Number Variation 

• Analysis of the change in ploidy of certain genes, genomic 

regions or chromosomes 

 

• Can be associated with normal developmental processes or 

pathological evolution 

 

• Important field of study for cancer, human genetics, crop 

studies… 
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CNVs are challenging for Real-Time PCR 
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 A 2-fold difference in copy 

number equates to 1 Cq 

difference. 

 A difference of 4 vs 5 copies 

equates to 0.32 Cq 

difference. 

 A difference of 7 vs 8 copies 

equates to 0.14 Cq 

difference. 

 Real-time PCR results rely 

heavily on assay efficiency 

 Real-time PCR results have an exponential nature:  
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Copy Number Variation: What Is the Challenge? 

Homogeneous samples: Discrimination between consecutive copy 

number states is more difficult at higher order copy number (CN). 
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―…it should be possible to distinguish, 

with at least 95.1% probability, (…) 

four copies from five copies with 18 

replicates‖ 

Weaver et al. (2010) Methods 50, 271–276 

Real-time PCR 

(8 replicates) 

1        2       3        4        5        6       2 

Measuring Copy Number for MRGPRX1 (qPCR) 

 



 
Measuring Copy Number for MRGPRX1 (ddPCR) 
 

Droplet Digital PCR Individual Wells  Droplet Digital PCR Merged Wells  

Copy Number Variation 

Sample 

C
o
p
y 

n
u
m

b
e
r 

Sample 

C
o
p
y 

n
u
m

b
e
r 
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Copy Number Variation/Alterations in Cancer 

Nondisjunction 



Copy Number Variation 

Normal Deletion Carrier 

Can ddPCR tell if the copies are on different chromosomes?  

For example, determine if a normal-seeming CNV=2 is a deletion carrier  

Let’s compare CNV estimates with and without restriction digestion 



With restriction digestion 

Two tandem copies: Two unlinked copies: 

Without restriction digestion 

Expect lower 

CNV estimate 

Expect similar 

CNV estimate 

Can ddPCR tell if copies are on different chromosomes? 

CNV estimate = X 



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 

ddPCR precision allows haplotyping of CNV copies 



ddPCR validates copy number variations (CNVs) 
discovered by NGS 

Significance:  Neurological disease and female fertility has been linked to a 
structurally complex region of chromosome 17 (17q21.31). 

 

Problem: 17q21.31 has inversions and copy number variations (CNVs) that are 
difficult to evaluate across populations due to technological limitations.  NGS is 
useful but very expensive. 

 

Solution:  ddPCR enables easy validation & study of CNVs discovered by 
sequencing from a structurally-complex locus across patient cohorts 

Nature Genetics 2012 

ddPCR confirms NGS, screens with sensitivity for CNV 



• Copy number analysis of 3 regions 

of 17q21.31 by whole-genome 

sequencing (b, c, d), and by ddPCR 

(e, f, g). 

 

• Copy number determination in 234 

samples by NGS and ddPCR >99% 

concordant (h, i, j) 

 

• ddPCR provides easy, inexpensive, 

accurate way to validate and further 

study CNVs discovered by NGS. 

 

Figure 1 

ddPCR: an accurate & inexpensive way to 

validate and study CNVs discovered by NGS 
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ddPCR used to confirm that somatic mosaicism of 
―normal‖ parents gives rise to affected progeny 

Campbell et al., Parental Somatic Mosaicism Is Underrecognized and Influences Recurrence Risk of Genomic Disorders, The 

American Journal of Human Genetics (2014), http://dx.doi.org/10.1016/j.ajhg.2014.07.003 

 

Significance:  Current clinical tests for carrier status of parents for genomic 

disorders by aCGH and FISH are not sensitive enough to detect somatic 

mosaicism, which can lead to affected offspring. 

 

Solution: ddPCR can easily detect somatic mosaicism that clinical tests miss 

from blood rather than tissue samples. 

  

AJHG 
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ddPCR used to confirm that somatic mosaicism of 
―normal‖ parents gives rise to affected progeny 

Clinically ―normal‖ mother 

with 2 different fathers 

gave rise to 3 affected 

offspring. 

 

ddPCR detected mutation 

in parent blood sample at 

25.1%. 

Other families tested 

for somatic mosaicism 

detected mutations in 

carriers from <1% to 

25.1%. 



 Significance:  Genetic variation challenges development of patient-matched stem 

cell lines (used for regenerative medicine) 

 

 Problem:  Want to detect and quantify copy number variations (somatic 

mosaicism) that occur at a low frequency in patient cells 

 

 Solution:  ddPCR can detect somatic mosaicism at frequencies < 1%.  This is 

more sensitive than other techniques including NGS. 

ddPCR enables sensitive and quantitative 
detection of somatic mosaicism 

Nature 2012 

ddPCR sensitivity used to characterize stem cells  



Somatic mosaicism <1% detected by ddPCR 

NGS and 

PCR cannot 

detect this 

rare mosaic 

event 

ddPCR 

detects and 

quantifies 

mosaicism 

at 0.8% 

• ddPCR, but not NGS or conventional PCR, able to detect and 

estimate frequency of a rare somatic mosaicism event (<1%) 

 

• ddPCR enabling better understanding of making patient-

matched stem cells for personalized therapies 



Validated (Peri) Centromeric Reference Assays 

  Plus ~700 wet-lab validated CNV target assays 

 MYC, EGFR, HER2, MET, PTEN, other cancer targets 

 ~60 pericentromeric reference assays   



Rare Event Detection (RED) 

ddPCR interest 

Genome Editing 

Multiplexes Kits & 
Validated Bio-Rad assays 
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The ―Needle in a Haystack‖ questions... 
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Rare Event Detection 

  Rare Event Detection (RED) 

Rare Sequence 

Detection (RSD) 

→ analysis of sequences 

with no relation to their 

background 

Rare Mutation 

Detection (RMD) 

→ analysis of sequences 

closely related to the 

background DNA (wild-

type DNA) 
• Microbial genomes (virus, 

bacteria, yeast) 

• Environmental studies  

• GMO  

• Cancer mutations 

• Prenatal diagnosis 

• Transplanted organs 



Emerging Roles for ddPCR in Cancer 

 Low-frequency mutation detection in clinical 

(degraded) samples 

— Sanger at 20%, next-generation sequencing 

(NGS) at 5%, ddPCR at <0.1% 

— FFPE, cfDNA  

 Somatic copy number alterations (SCNAs) 

— Validate or complement array comparative 

genomic hybridization (aCGH), fluorescence  

in situ hybridization (FISH), NGS data 

 Quantify rare cells 

— Circulating tumor cells (CTCs) 

— Tumor infiltrating leukocytes (TILs) 

 Additional applications: 

— microRNA  

— Methylation quantification 

— Telomerase: telomere repeat amplification 

protocol (TRAP) assay 

DBC Webinar:  

Applications for the Cancer Field Using 

Droplet Digital™ PCR (ddPCR™) 

bio-rad.com/ddPCRApplicationsVideo 



Questions: ddPCR sensitivity, specificity, turnaround time, and robustness ? 

(ddPCR)-based plasma genotyping for the rapid  detection of targetable genomic alterations in 

patients with advanced non–small-cell lung cancer (NSCLC) ? 

Findings: In this study of 180 patients with advanced NSCLC (120 newly diagnosed, 60 

with acquired resistance to epidermal growth factor receptor [EGFR] kinase inhibitors), plasma 

genotyping exhibited perfect specificity (100%) and acceptable sensitivity (69%-80%) for the 

detection of EGFR-sensitizing mutations with rapid turnaround time (3 business days). Specificity 

was lower for EGFR T790M (63%), presumably secondary to tumor heterogeneity and false-

negative tissue genotyping. 

Meaning: The use of ddPCR-based plasma genotyping can detect EGFR 

mutations with the rigor necessary to direct clinical care. This assay may obviate 

repeated biopsies in patients with positive plasma genotyping results 

JAMA Oncol. 2016 Aug 1;2(8):1014-22. doi: 10.1001/jamaoncol.2016.0173. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=27055085
https://www.ncbi.nlm.nih.gov/pubmed/?term=27055085
https://www.ncbi.nlm.nih.gov/pubmed/?term=27055085


Example Validation Data: BRAF V600E  

2-D  

Amplitude  

Plot 

Limit of 

Detection  

Plot 

Wild-Type–Only Well (120 ng) 0.1% Mutant Well 

Mutant 
Droplets 
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1 in 1,000 detection single well 
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Lower Limit of Detection with BRAF V600E  

in Four Merged Wells 

Assay 

 M
u

ta
n

t,
 %

 

0.0059 

0.072 

0.914 

9.99 

99.9993 

No template  

control 
Wild-type 

low 
Wild-type 

high 
0.01% 0.1% 1% 10% 100% 



Cross User, Cross Instrument Proficiency Data  

for BRAF V600E 
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Serial and Noninvasive Profiling of EGFR mutations 

Nyati MK et al., Nat Rev Cancer, 2006.  

Use of ddPCR to detect and 

monitor EGFR sensitizing 

(L858R) and drug resistance 

(T790M) mutations in cell-

free DNA from patients with 

lung cancer 

Clin Cancer Res. 2014 Mar 15;20(6):1698-705. doi: 10.1158/1078-0432.CCR-13-2482. 

https://www.ncbi.nlm.nih.gov/pubmed/24429876
https://www.ncbi.nlm.nih.gov/pubmed/24429876
https://www.ncbi.nlm.nih.gov/pubmed/24429876


Serial and Noninvasive Profiling of EGFR mutations 

ddPCR monitors EGFR L858R and T790M  mutation 

abundance in 9 patients with lung cancer treated first-line with 

Erlotinib 

Solid line: 

EGFR L858R 

Dashed line: 

EGFR T790M 

Oxnard GR et al., Clin Cancer Res, 2014.  



NIPD - Screening Newborn Blood Spots 
Using Multiplex Droplet Digital PCR 

 RESULTS: Multiplex ddPCR correctly identified all 22q11DS 

samples and distinguished between 1.5- and 3-Mb deletions, suggesting the 

approach is sensitive and specific for the detection of 22q11DS. 

 

 CONCLUSIONS: These data demonstrate the utility of multiplex ddPCR for 

large-scale population-based studies that screen for 22q11DS. The use of 

samples from blood spot cards suggests that this approach has 

promise for newborn screening of 22q11DS, and potentially for other 

microdeletion syndromes, for which early detection can positively impact 

clinical outcome for those affected. 



NIPD - Screening Newborn Blood Spots 
Using Multiplex Droplet Digital PCR 

 



NIPD - Screening Newborn Blood Spots 
Using Multiplex Droplet Digital PCR 

 



NIPD - Screening Newborn Blood Spots 
Using Multiplex Droplet Digital PCR 

 



PrimePCR 

Multiplexes Kits & 

Validated Bio-Rad assays 
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Multiplex Kit 

The ddPCR KRAS Screening Multiplex Kit contains seven KRAS 

mutant assays (G12A, G12C, G12D, G12V, G12R, G12S, G13D) 

and one wild-type assay.  

The kit allows for rapid identification of multiple KRAS mutations 

down to 0.2% mutant in a single well. 

No pre-amplification step is required for use of this kit. 
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Mutations detected by the ddPCR Multiplex Screening Kits 
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New Mutations detected by ddPCR Multiplex  
Screening Kits 

 Yes / No answer 

 0.5% sensitivity 

 No pre-amplification 

 DNA from FFPE, fresh/frozen tissue, liquid biopsy etc 

 Low input DNA 

 

 

ddPCR EGFR Exon 19 Deletions screening Kit 

ddPCR PIK3CA E542/E545/Q546/H1047 Screening Kit 
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PrimePCR Assays 
www.bio-rad.com/fr-fr/product/primepcr-pcr-primers-assays 
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Your PrimePCR own designs 
(CNV/Mutation/GenomeEditing) 
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PrimePCR qPCR / ddPCR offer 
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Genome editing 
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Genome editing: how it works 

Kim & Kim, Nature Reviews Genetics 2014 

• Site-specific nucleases target sequences for mutagenesis or editing 
• Endogenous DNA repair systems incorporate change at low frequency (<0.1%) 

Induce ds break: CRISPR, TALEN, ZFN 

NHEJ: Non-homologous end-joining 
• Error prone repair system 
• Small indels 
• Often not what you want 

HDR: Homology-Directed Repair 
• Include Donor molecule with desired 

sequence (plasmid, ssoligo) 
• Homologous recombination introduce 

donor sequences at low frequency 
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What can ddPCR do for HDR quantification? 

  HDR (Homologous Directed Repair) 

–Gene or tag insertion (creation of new sequence) 

 

 

 

 

 

 

–Gene correction or point mutagenesis 

Pro For 

Rev 

WT Pro 

For 

Rev 
Mut Pro 



Rare Edit Detection using ddPCR 

a c 
WT Probe HDR Probe 

Edit site 

a/c 

Donor  

Edit (HDR) Detection Assay 

WT 

HDR 
Double 

positive 

WT-only well 1% HDR Well 

0.04% 

RBM20 R636S: sensitive edit detection down to <0.05%  



Significance: Use genome editing of induced pluripotent stem cells (iPSCs) to enable 
patient-specific studies of pathological mutations 

 
Problem: Edited iPSC clones are rare and require laborious screening to detect.  
Expressing low levels of the site-specific nuclease avoids off-target effects 

 

Solution: ddPCR used to detect mutagenesis events at 100x greater sensitivity than 
qPCR, significantly speed up protocol 

Sensitive detection of iPSC genome editing by ddPCR 
Nature Methods, March 2014 



Ultra-sensitive detection of edited human iPSCs  

Strategy for 

mutant 

detection 

ddPCR 

detects and 

quantifies 

mutant 

allele freq of 

0.02% 

 ddPCR detected gene editing events as low as 0.02% frequency (1 in 5,000) 

 10-fold decrease in active work time over existing methods (screen 11 clones 

instead of 2,000!) 

 Over 20 independent iPSC clones isolated to date using ddPCR 



What can ddPCR do for NHEJ quantification? 

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

Pro 1 For Rev Pro 2 

WT 
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What can ddPCR do for NHEJ quantification? 

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

Pro 1 For Rev 

3 bp ins 

1 bp ins 

WT 

1 bp del 

4 bp del 
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What can ddPCR do for NHEJ quantification? 

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

Pro 1 For Rev 

Pro 1 

Pro 2 

Mutated 

(Probe 1 

only) 

WT (double 

positive) 3 bp ins 

1 bp ins 

WT 

1 bp del 

4 bp del 
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GEF-dPCR (Nature Protocol Feb 2016) 

 



Significance: Duchenne’s Muscular Dystrophy (DMD) is a devastating, common 
degenerative muscle disease of genetic origin (dystrophin gene).  Accessibility of affected 
tissue makes DMD a good candidate for therapeutic gene editing. 

 
Problem: A spectrum of pathogenic variants requires generalizable correction strategy 
(pathogenic exon excision) and a sensitive detection method. 

 

Solution: ddPCR used for sensitive (2%) detection of corrected dystrophin DMD alleles  

Sensitive In vivo therapeutic edit detection by ddPCR 
Nelson,…Gersbach, Science, Dec 2015 

Dual- Cas9 excision of exon 23 in dystrophin 



 ddPCR Evagreen deletion assays quantifies 2% edited alleles in treated 

mdx mouse muscle  

 ddPCR of cDNA shows robust expression of deletion allele, and overall 

increase in dystrophin transcript 

 Characterization of therapeutic editing workflow by ddPCR 

Sensitive In vivo therapeutic edit detection and 

absoulate quant of edited transcripts by ddPCR 
Nelson,…Gersbach, Science, Dec 2015 

2% Edit Detection 

in whole muscle 

lysate 

59% of transcripts 

have deletion 

Dystrophin now 12% of 

WT transcripts in non-

DMD 



Conclusions 

ddPCR is the ideal companion technology for genome 
editing studies 

 

Unrivaled sensitivity (detection of events as rare as 
1/10,000 per single well) 

 

High throughput 

 

Low cost (in particular compared to NGS) 

 

High precision (especially for gene regulation 
applications) 

 



Absolute Quantification (ABS) 

Absolute measurements 

miRNA 

Gene Expression 

Single Cell analysis 
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System Precision Independently Verified and Observed, 
+/- 1.5% Uncertainty Over Theoretical Value 

 

Gravimetric Experiments Conducted at National Measurement Institute, Australia 



Metrology Labs Use ddPCR 

UK’s National 

Measurement Institute 

(NMI) 

China 
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Tolerance of Droplet-Digital PCR vs Real-Time Quantitative 
PCR to Inhibitory Substances (Dingle et al., Clinical 
Chemistry 59:11) 

Analysis of PCR inhibition by heparin, SDS and EDTA 

ddPCR shows higher tolerance to SDS and heparin in 

comparison to qPCR 
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Dynamic Range: 
2-fold Serial Dilutions With a Constant Background 

 

2-fold dilution series of S. aureus 

Constant human gDNA 
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Precision From 10% dilutions 

zoomed  

in 

6 Merged Wells 

2-fold dilution series of S. aureus 

Constant human gDNA 



88 

Gene Expression Analysis 

Analysis of RNA (transcripts) levels in biological samples 

 

Usually performed in duplex (in combination with reference 

gene) 

 

Includes detection of miRNA 

 

Growing research on single cell transcriptome 
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Application miRNA circulant 

Julien Faccini 

 

INSERM / Université Paul Sabatier UMR 1048 Institut des 

Maladies Métaboliques et Cardiovasculaires (I2MC) Equipe 10, 

Lipides, peroxydation, signalisation et maladies vasculaires 

 



Problématique : 

niveau d’expression miRNA circulant (cohorte de patients 

coronariens ) 

Limitation:  

Technique:  RTqPCR sonde TaqMan (Applied Biosystems) avec étape de préamplification 

- le choix de la normalisation 

- l’utilisation d’une préamplification  (coût) 

ddPCR 

quantification absolue 

sans préamplification ? 



1er cas : échantillon ADNc sans préamplification 

NTC 

Résultats en TLDA  

(TaqMan Low Density Array)  

Sorti autour de 15-20 cycles qPCR  

après préamplification 

Aucun besoin de préamplification 

5 réplicats de dépôt en sorti de RT 



NTC 

ADNc préamp  

dilués 

ADNc  après RT  

2eme cas : miRNA exprimé très faiblement 

Résultats en TLDA  

(TaqMan Low Density Array)  

Sorti autour de 20-27 cycles qPCR  

après préamplification 

besoin de préamplification 



3eme cas : problème d’amorces/sondes 



Perspectives d’utilisation de la ddPCR 

- Optimisation des conditions (T° hybridation, quantité d’ADNc …) 

- Utilisation de ddPCR  en complément  de la qPCR pour certaines cibles 

Possibilité de multiplexage 

- Pour les miRNA difficilement observable en QPCR 

- Expressions tardives avec différences d’expression faibles  
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Improved Precision, Reproducibility, and Limit of 
Quantification of Cancer microRNA Biomarker Quantification 
in Cell-Free DNA 

Why: Low-abundance blood biomarkers may be predictive of various cancers.  

Problem: Standard qPCR method is too variable to effectively score 

potentially informative low-abundance microRNAs (miRNAs) in plasma  

and serum. 

Solution: ddPCR is more precise and reproducible both within and between 

experiments and has increased diagnostic sensitivity. 

Nature Methods  |  VOL.10  NO.10  |  OCTOBER 2013  |  1003–1005 
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High Precision, Sensitivity & Reproducibility of miRNA 
Quantification by ddPCR        (Hindson et al, 2013) 

 
Synthetic targets (in 

water & plasma):  
 CV’s decreased by 37-86% 

w/ ddPCR 

 Day-to-day reproducibility 

increased 7-fold 

 For miR-141 shown, CV 

was 86% lower across 

replicates 

Serum samples 

(prostate cancers):  
 Only ddPCR showed 

statistically significant 

difference between cases 

and controls 

 Greater sensitivity and 

specificity for ddPCR 

(AUC=0.77) vs qPCR 

((AUC=0.645) 

 

Hindson CM et al. (2013). Absolute quantification by Droplet Digital PCR 

versus analog real-time PCR. Nat Methods 10, 1003–1005.  
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MicroRNA-137 represses Klf4 and Tbx3 during differentiation 
of mouse embryonic stem cells  
(Jiang et al., Stem Cell Research (2013) 11) 

Use of ddPCR to quantify miRNA 

during stem cells differentiation 

 

While qRT-PCR works well to 

characterize large changes (Fig A), 

but ddPCR is needed when the 

differences are more subtle (Fig C) 

qRT-PCR 

ddPCR 



98 

Exemple d’une demonstration – But de l’experience 

Avec ou sans Pre-Amp ? 

 

Avec une masse attendue de l’ordre de 

seulement 40 pg, la ddPCR pourrait-elle se 

passer d’une étape de pré-amplification et 

conserver les ratios d’expression 

d’origine ? 

98 
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Conditions de l’expérience (EvaGreen) 

Transposition directe des conditions qPCR : 

 Amorces 300nM, 60°C t°hybridation. 

 

3 gènes 

-> 1 Ref « R1 », 2 GOI « T1 » et « T2 » 

8 échantillons 
-> C1 à C4 et D1 à D4 

3 dilutions 
->1/5e 1/50e 1/500e  

1 NTC / cible 
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Masses d’ADNc 

Les masses d’ADN mesurées en amont 

correspondent à : 

4 ng (dilution RT 1/5e) 

400 pg (dilution RT 1/50e) 

40 pg (dilution RT 1/500e) 

Cette dernière requière une étape de pré-

amplification en qPCR. 

Etape dommageable à la conservation des 

expressions ? 
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Reproductibilité 

Pipettage réalisé par 4 utilisateurs différents dont 3 

néophytes. 

 

Seuls 2 puits sont en-dessous des recommandations mais 

restent exploitables. 

 

 Grande reproductibilité. 

101 
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Concentration 1/5e Cible T2 

A 1/5e, R1 et T1 saturent (>200 000cp/w) 

Mais T2 est mesurable avec un nombre de 

gouttelettes négatives très faible : 

102 

19    6     8     5 
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Linéarité et dynamique 

Exemple avec D1 (T2). Avec seulement 19 

gouttelettes négatives au 1/5e : 
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Expression et conservation (normalisé par R1) 
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Conclusion 

Prise en main simple avec 3 neophytes 

 

Résultats d’expression en concordance avec ceux 
obtenu auparavant en qPCR mais plus précis et... 

 

...les inductions (invisibles en qPCR) sont 
conservées malgré les faibles masses (40 pg) 
utilisées 

 

Il est envisageable de quantifier ici des transcrits 
rares avec encore moins d’ADN (20 pg par ex.) 
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Single cell using ddPCR 
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Single-Copy Target Detection 

Target: cyclophilin from gDNA  

Cycling: 95C/2’ + [95C/5‖ + 60C/10‖] x 40 

Input: 10ng, 2 ng, 400pg, 80pg, 3.2pg x 48 replicates 

Efficiency = 103.0% 

R2 = 1.000 

48 replicates; 32 positive 

Cq range = 34.88 to 38.78 
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Importance of single cell studies 

Tcells 

CD4 Marker 

Homogenous CD4 T cells subpopulation: different functions, activation state 
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Bio-Rad workflows for single cell analysis 

Cell sorting 

109 

Cell lysis  

ddPCR 
_ high precision 

_ allelic discrimination 

qPCR 
_ high throughput 

_ easy multiplexing 
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Advantages of ddPCR for single-cell gene expression 
analysis 

No cDNA pre-amplification 

Simplified workflow 

Decreased cost 

Avoid distortion of transcript levels 

Detection of up to 10 genes per cell (two 5plex ddPCR reactions) 

 

High precision  

Absolute quantification of transcripts from a few copies to thousands of copies 

per cell 

No standard curve 

 

High sensitivity  

Many essential genes are expressed at 1-30 mRNA copies/cell (Zenklusen et al. 2008) 

 

→Simple workflow without preamplification for analysis of 2-10 genes! 
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Simplified Workflow, completed in less than 1 workday 

Single cells 

S3 cell sorter Cell culture Data  

analysis 

QX200  

Droplet Digital PCR 

PrimePCR Assays 

http://www.celprogen.com/index.php?route=product/product&path=_26_44_46_60_67&product_id=1128
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4C, 

Vortex, spin 

Add RT mix 

42C-30min,  

85C-5min,  

12C hold. 

Cell sorting 

(4ul) 

Cell lysis 

(4ul) 

cDNA synthesis 

(10ul) 
ddPCR 

(2 x 20ul) 

 

Measure 40% of the cell’s cDNA per well (80% total)  

5 assays per ddPCR well 

Genes 1-5 

Genes 6-10 

Add ddPCR mix 

5 assays 

4ul 

4ul 

Single-cell gene expression workflow (no pre-Amp) 
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Multiplexing in 2 channels overview 

Concept of probe mixing - triplex 

Double, 

Triple  

positives 

5plex  Assay mixing 

1 100% FAM, 0% Hex 

2 75% FAM, 25% Hex 

3 50% FAM, 50% Hex 

4 25% FAM, 75% Hex 

5 0% FAM, 100% Hex 

F
A

M
 

Hex 

Assay1- 100% FAM 

Assay2- 75% FAM, 25% Hex 

Assay3- 50% FAM, 50% Hex 

Assay4- 25% FAM, 75% Hex 

Assay5 -0% FAM, 100% Hex 

½ FAM 

½ HEX 

3plex  Assay mixing 

1 100% FAM, 0% Hex 

2 50% FAM, 50% Hex 

3 0% FAM, 100% Hex 

Theoretical clustering -5plex 

1 

2 

3 

1+3 

1+2 

2+3 

1+2+3 
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Additional Applications 

 



 
Rare Species Detection (e.g.Virus) 

Four HHV-6 

positives in 

8,000,000 human 

genomes  

(4.5 expected) 

Positive  
controls 

HHV-6 spike-in Negative controls 
(25 genomic equivalents  
of human gDNA/droplet) 

 

Rare Species Detection: Human Herpesvirus 6 (HHV-6)  
in Human gDNA  (1 in 1,700,000) 

False-positive rate = 0/60 wells 
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Single-Cell Transcript Detection 

Tissue-Specific Gene Expression 

microRNAs in Plasma 

Her2 mRNA in FFPE Samples 

Gene Expression Applications  
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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
 

z 

ACX 

TS 

(Kim et al. 1997) 

    100 cells/reaction   

Kim NW and Wu F (1997). Advances in quantification and characterization of telomerase activity by the telomeric  

repeat amplification protocol (TRAP). Nucleic Acids Res 25, 2,595–2,597.  
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NGS Library Prep 
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ddPCR quantitation example : libs quant kits 

The abundance of well-formed, as well as, potentially ill-formed 

library fragments are measured 
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Alternative splicing 
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 No preference for GC- or AT-rich sequence  

 Less PCR inhibition than SYBR® Green and lower tendency to cause 

nonspecific amplification 

 Tolerated at a higher concentration, which enables a brighter signal 

 Good stability  

 Safety 

• Dye is impenetrable to both latex gloves and cell membranes  

• Dye is noncytotoxic and nonmutagenic at concentrations used  

in the laboratory 

QX200 System Enables dsDNA Detection Capability 
with EvaGreen (without TaqMan probes)  
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Detection of Unspliced mRNA Variants Using Intron-
Flanking Primers 

Exon x Exon y Exon z 

Unspliced mRNA 

Mature mRNA 

Intron Intron 

Detection of unspliced mRNA  

GAPDH ACTB RPL37 

NTC NTC NTC cDNA cDNA cDNA 

Super cluster 

NTC No RT cDNA 
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Haplotyping 



124 

What Is Linkage? 

Linkage is when two genomic loci are physically  
connected to one another. 

VS. 

Not linked 

Linked 
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Who Is Interested in Linkage and Why Is It Important? 

Life science researchers and laboratories that perform 

molecular diagnostics. 

 Cis-/trans-configured genomic variants shown 

Example: CFTR  

(c.350 G>A and 5T allele) 
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Droplet Digital PCR Cluster Identification 

Regan JF et al. (2015). A rapid molecular approach for chromosomal phasing method. PLoS One 10, e0118270. 
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―Anchor‖ Assay in HEX and ―Distance Marker‖ Assay  
in FAM (or vice versa) in Duplex 

Anchor  
Assay 

P
e

rc
e

n
ta

g
e

 li
n

k
e

d
 

Distance, kb 

35 kb 50 kb 100 kb 150 kb 10 kb 210 kb 1 kb 3 kb 

Regan JF et al. (2015). A rapid molecular approach for chromosomal phasing method. PLoS One 10, e0118270. 
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Diseases Influenced by Compound Heterozygosity in Single Genes  

  Cystic fibrosis 

  Cerebral palsy 

  Deafness 

  Turcot syndrome 

  Chondrodysplasias 

  Hyperphenylalaninemia 

  Blistering skin 

 

Studies of these diseases are hampered by the lack of tools  

to easily determine phase: 

  Charot-Marie-Tooth neuropathy 

  Hemochromatosis 

  Miller syndrome 

  Mediterranean fever 

  Paraganglioma 

  Ataxia telangiectasia 

  Glycogen storage disease type II  

  Fructose-1,6-bisphosphatase deficiency 
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What Are Researchers Doing with Droplet Digital PCR 

Additional Droplet Digital PCR Applications 

 Allele-specific gene expression 

 microRNA research 

 Methylation studies 

 Haplotyping 

 TRAP assays  

 Genome editing 

 

Mainstream Applications 

 Detection and quantification 

 Rare mutation detection 

 Copy number quantification  

 Gene expression 

 Next-generation sequencing  

(NGS) library quantification 
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Additional Applications 

Testing Applications 

 

 Water treatment testing 

 Waterborne viruses and pathogen testing 

 Asian carp population studies  

 Cow mastitis testing 

 Malaria mosquito sexing 

 Canine mammary carcinoma 

 Cell-free fetal DNA testing  
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Multiplexing using ddPCR 
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Multiplexing with ddPCR : Why? 

Limited material (clinical samples, degraded 

material, single cells) 

 

Need for simultaneous analysis of numerous 

targets (haplotyping, linkage analysis) 

 

Need for multiple references (CNV) 

 

Economy of time and reagents 
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Approaches to Multiplexing 

Using Probes  
 Assay concentration 

 Probe combination 

 

Using EvaGreen 
 Amplicon length 

 Annealing temperature  

 Primer concentration 

 



Multiplexing using  

probe-based  

assays 
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RPP30 

Chr13q3 Chr10q1 
Chr10q1 +  

Chr13q3 

Multiplexing with Probes: Assay Concentration 
1 X RPP30 (FAM) + 1 X Chr10q1 (VIC) + 0.6 X Chr 13q3 (VIC) 

RPP30 

Chr13q3 Chr10q1 
Chr10q1 +  

Chr13q3 

Detection of three targets 

(8 different clusters) 

Pre-digestion of one target 

DNA (Chr10q1). Only 4 

clusters are detected. 
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RPP30 

Chr10q1 Chr13q3 
Chr10q1 +  

Chr13q3 

Multiplexing with Probes: Assay Concentration 
1 X RPP30 (FAM) + 1 X Chr13q3 (VIC) + 0.6 X Chr 10q1 (VIC) 

RPP30 

Chr10q1 Chr13q3 
Chr10q1 +  

Chr13q3 

Detection of three targets 

(8 different clusters) 

Pre-digestion of one target 

DNA (Chr10q1). Only 4 

clusters are detected. 
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Multiplexing with Probes: Assay Concentration 
 1.4X BRCAL2 (FAM)+ 0.6 X KIT2 (FAM) + 1.4 X E1F2C1 (HEX) + 
0.6 X RPP30 (HEX) 

Simultaneous detection of 4 different targets by ddPCR. This illustrates the capacity of the QX200 system 

to separate discrete populations by levels of fluorescence using the same fluorophores 

KIT2 

BRCAL2 

BRCAL2 + 

KIT2 

RPP30 E1F2C1 E1F2C1+RPP30 
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KIT2 

BRCAL2 

BRCAL2 + 

KIT2 

Multiplexing with Probes: Assay Concentration 
 1.4X BRCAL2 (FAM)+ 0.6 X KIT2 (FAM) + 1.4 X E1F2C1 (HEX) + 
0.6 X RPP30 (HEX) 

RPP30 E1F2C1 E1F2C1+RPP30 

Single positives 

Double positives 

Triple positives 

Quadruple 

positives 
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Use of Multiplex ddPCR in the Literature 
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Multiplexing with Probes: Probe Combination 
  

U
n
k
1
_
F
A

M
 

Ref_HEX 

½ FAM 

½ HEX 

Using the same probe sequence but labeling it with 2 different dyes (FAM and HEX), it should be 

possible to occupy a different position in the 2D plot 
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Multiplexing with Probes: Probe Combination 
  

Populations of single positives 
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Multiplexing with Probes: Probe Combination 
  

Populations of double positives 
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Multiplexing with Probes: Probe Combination 
  

Populations of triple positives 
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Multiplexing with Probes: Probe Combination 
  

Single positives 

Double positives 

Triple positives 



Multiplexing using EvaGreen 
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EvaGreen Multiplex 
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Multiplexing with EvaGreen: Amplicon Length 
  

 Amplicon length: 

 RPP30  
 62 base-pairs 

 BetaActin 
 137 base-pairs 

 

 



Conclusion 



149 

Best Reasons to use ddPCR 

Sensitivity 

Detect rare mutations in complex backgrounds 

Detect rare mutations earlier 

10-1000x fold improvement over qPCR 

Works with FFPE samples 

Works with blood, tissues, environmental samples… 

Absolute Quantification 

Answers in absolute numbers of molecules (not Cq) 

Quantify lower levels of targets 

No standard curve 

Precision 

Measure more subtle differences in expression or mutation 

Detect structural variants in cancers 

Higher tolerance to PCR inhibitors 
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Learn More At Our Apps and Techs Pages 



ddPCR Publications 
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Anything you may need for PCR 
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Questions? 

 


