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Definition
Digital PCR concept was mentioned for the first time in Nucleic Acids Res.
1997 May 15;25(10):1999-2004 by Kalinina et al.
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Definition
“Digital PCR” was published for the first time in PNAS Vol.96, August 1999 by 
Bert Vogelstein and Kenneth Kinzler:

“Here, we describe an approach for transforming the exponential, analog
nature of the PCR into a linear, digital signal suitable …”

“Single molecules are isolated by dilution and individually amplified by 
PCR; each product is then analyzed separately”

Digital PCR is based on the dilution of your sample below one copy of 
your target per well.  All the wells are then amplified and detected.
The well is then either positive (1) or negative(0).
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Principle

12.5µl Mmix

12.5µl SampleA

Sample A Sample B Sample C
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After PCR

12.5µl Mmix

12.5µl SampleA

Sample A Sample B Sample C

10 4 3
3 copies/ (32 x 12.5 µl)= 7.5 cp/ml in Sample C
4 copies/ (32 x 12.5 µl)=  10 cp/ml in Sample B 25%
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Limitations

• The number of wells required

• Cannot have more than 1 copy per well
102 positives
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Poisson distribution
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Limitations

• Even if we use the Poisson distribution the 
experiment requires large numbers of wells

• This makes the experiment technically 
impractical to run

• The cost for each quantitation is elevated
Lead for new technology development
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OpenArray™
By BioTrove 

High-throughput PCR applications in
nanoliter volumes
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The OpenArray™ Plate

• A unique method to run 
~3000 low-volume solution 
phase assays in parallel

• Equivalent to eight 384-well 
or thirty-two 96-well plates

• A platform for a wide variety 
of genomics applications 
based upon familiar qPCR 
formats
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OpenArray™ Anatomy

• 3072 through-holes per OpenArray™
plate are arranged in 48 subarrays

• Each subarray consists of 64 
through-holes in an 8x8 pattern.
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OpenArray™ Anatomy

Hydrophilic and hydrophobic coatings
enable reagents to load into and stay
within the bottomless through-holes via
passive capillary action.

33 nL volume

Hydrophilic

Hydrophobic
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AutoLoader - Sample loading onto OpenArray™ plate

OpenArray™ Loading Process
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Can we use it for Digital PCR ?

Material: - 5 different Standards corresponding to a 10 fold serial dilution
- Primers and Probes for the target to quantify
- Carrier DNA used to dilute Standards to be use as NTC

Objectives:   - Demonstrate Digital PCR on OpenArrays
- Determine the quantity of target in a background DNA

Method:  - Assay are performed on empty OpenArrays using Taqman assay
- Measurements are done in real time PCR mode
- Computation are done using a Poisson distribution software

http://www.uhnresearch.ca/labs/iscove/homebrew.html
Poisson9
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Experiment 1

NTCNTCNTCNTC0.010.010.010.010.10.10.10.1

111110101010100100100100

NTCNTCNTCNTC0.010.010.010.010.10.10.10.1

111110101010100100100100

Per Std to analyse: Complete Mmix
Std DNA or Carrier 

3.5
1.5

µl/ Std
Load 5 µl per SubArray

OpenArray to be RUN in duplicate
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Std selection

18 16 1922

174

Negative holes:

Positive holes:

Based on Poisson distribution, the standard providing 220/256 positives holes or less 
will be the more appropriate to use for a larger analysis.

Std 3 gave 174 positive. 
Std3 and Std 4 to be run in larger number of holes

100 10

0.1 0.01 0.001
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Protocol for RUN2
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A= Std3
B= Std4
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Run2 results

Std3 positives
1900/2304

82.5%
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Calculations

Std3 positives
1900/2304

82.5%

Direct count not possible as 
more than 1 copy per hole
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Calculation using Poisson9

1/Freq=0.574
Freq= 1.74 copies/33nl hole
Equivalent 52.7 copies/µl

Std3 is 175.8 copies/µl

Std3 positives
1900/2304

Mmix
DNA

3.5
1.5

µl
5 µl per 
SubArray

Std3 negatives
404/2304



Click to edit Master title style

www.qpcr.com.au

Experiment Conclusion

Std 3 shows a concentration of 175.8 copies/µl

The 95% confidence interval is 166.9 - 185.2 copies/ µl

The sample used was a pure standard of 178 copies/ µl

Level of Accuracy?
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Digital PCR
• Small volume (33nl) reactions resolves the cost 

issue

• High throughput device increases the precision 
(3072 x 3 reactions)

• Automation makes it easy to perform 

• Accurate volumes are essential for quantification
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Applications
• Standard generation

– Absolute count of the positive wells gives the real copy number 

• Precise quantification for difficult samples or inhibited samples
– Count all the positive wells for sample A and compare to sample B

• Low expressed target quantification
– Not dependent on the number of PCR cycle, background, exponential 

phase…

• Rare mutation/SNP detection within a cell population 
– Detection of rare cells with tumorigenic markers or mutations within a 

population, even when they represent less than 1% as every target is 
amplified separately

• Small cell population detection (tumour, methylation…)
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Conclusion

• The new generation of high throughput 
small volume real time PCR instrument will 
enable the conversion of analog PCR into 
Digital PCR in every lab 

• Digital PCR will allow researchers to look 
for things that were not accessible before
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Thank you!
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