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EVALUATION OF THE INTRA-RUN REPEATABILITY OF 
CRYSTAL DIGITAL PCR™

VARIABILITY SOURCES OF THE CRYSTAL 
DIGITAL PCR™ WORKFLOW

Crystal Digital PCR™ (cdPCR) enables fast and reliable absolute 
target quantification. The naica® system permits the simultane-
ous processing of three Sapphire chips, each with four sample 
wells, for a total of 12 samples. The straightforward workflow, 
requires a single pipetting step, thereby considerably limiting 
the variability contributed by the operator. Overall, there are two 
main sources of dPCR measurement variability:

	y Theoretical Poisson uncertainty, an inevitable component 
that accounts for both sampling error and partitioning error.

	y Experimental dPCR measurement variability, inherent to 
each dPCR workflow (e.g. pipetting step). 

WORKFLOW SETUP TO ASSESS INTRA-RUN 
REPEATABILITY

Here, we assessed the intra-run repeatability with a 3-color as-
say having the same expected final target concentration in each 
color: BRAF-FAM in Blue channel, EGFR-HEX in Green channel, 
ALB-Cy5 in Red channel (Figure 1). To allow robust statistical 
analysis, three runs of three Sapphire chips were performed for 
each concentration, for a total of 36 wells (four wells per Sap-
phire chip).

Figure 1: The three tested concentrations plotted on Poisson’s 
uncertainty curves at 95% confidence level, as modeled by the Crystal 
Miner software. The final target concentrations, 200, 2000 and 10,000 
cp/μL, represent values that respectively map to the left, center and right 
of the Poisson’s uncertainty curve.

To minimize potential sources of variability external to the the-
oretical Poisson error and the naica® system (Geode, Prism3), 
all experiments were performed in controlled conditions: for 
each of the three concentrations the Sapphire chips were ther-
mocycled in the same Geode and read by the same Prism3, on 
the same day, by the same operator, using the same pipets to 
depose a single PCR master mix.

COEFFICIENT OF VARIATION CALCULATION 
AND STATISTICAL ANALYSIS

Three different position comparisons were performed to evalu-
ate intra-run variability:

1) Inter-well, intra-run variability

For each run of three Sapphire chips (12 wells, Figure 2), the 
measured total variability was evaluated by exporting the target 
concentration values measured by the naica® system and cal-
culating their coefficient of variation (CV) adjusted using Bes-
sel’s correction:

Where: 

	y μ is the arithmetic mean of the concentration values

	y σ is the standard deviation of the concentration values

	y n is the number of replicate points (12 points for 12 wells)

The experimental variability at 95% confidence level can be 
deduced by subtracting the theoretical Poisson error from the 
measured total variability:
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2) Inter-well, intra-chip, intra-run variability

The calculation is the same as indicated above, except that it is 
applied to each chip (4 points for 4 wells of a chip, Figure 2) of 
the same run.

3) Intra-well position, inter-chip, intra-run variability

The calculation above is applied to each of the 4 well positions 
in the chip (A, B, C, D) among the three chips of the same run (3 
points for 3 chips per run, Figure 2).

Figure 2: Sapphire chip well repartition in a Geode during a run. For each condition (1: Inter-well, intra-run, 2: Inter-well, intra-chip, intra run, 3: Intra-well-
position, inter-chip, intra-run), the numbers define each well taken into account for the first group of points to compute its mean and corrected CV.

Figure 3: Corrected CV of measured concentrations for each of the three conditions: 1) Inter-well, intra-run, 2) Inter-well intra-chip, intra run, 3) Intra-well-
position, inter-chip, intra-run. Individual data points for each of the 3 fluorophores, FAM (blue), HEX (green) and Cy5 (red) are indicated.

In order to check whether there is a statistically significant dif-
ference between the three conditions, a two-tailed Mann-Whit-
ney statistical test with 5% significance level was performed, 
first on the means of the concentrations measured in all chan-
nels, and then on the Bessel corrected CVs in all channels, 
using the following calculator: https://www.socscistatistics.
com/tests/mannwhitney/default2.aspx 

For each of the 3 tested concentrations (200 cp/μL, 2000 cp/
μL, 10000 cp/μL), no significant difference (p<0.05) was found 

between the concentration mean values of condition (1) versus 
(2), (2) versus (3) and (3) versus (1). Likewise, no significant dif-
ference (p<0.05) was found between the corrected CV values of 
condition (1) versus (2), (2) versus (3) and (3) versus (1).

Taken together, the data for both the concentration mean and 
CV indicate that no statistical difference (p<0.05) was found be-
tween the three conditions, for each of the three tested concen-
trations under the described experimental conditions (Figure 3).
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Technical Note Highlights
	y Repeatability is a key Performance Criteria to assess 

the quality of a dPCR test.

	y The simple and integrated workflow of the naica® 
system minimizes experimental error.

	y The total intra-run variability of the naica® system with 
Sapphire chips in the tested conditions is less than 4% 
at final concentrations from 200 to 10000 cp/μL.

	y A single control well at any position in the Geode is 
sufficient to control the entire run.

The graphical representation of the total measurement variabili-
ty shows that both the measured total variability and the theoret-
ical Poisson error depend on the target concentration (Figure 4). 
In the described experiment conditions, total variability remains 
low (<4%), with experimental sources of variability representing 
on average, half of the total variability. As such, a single control 
well is largely sufficient for a full three-chip run, and users can 
freely randomize the position of this single control.

To learn more about digital PCR, please visit 
Stilla Technologies’ Learning Center at  
stillatechnologies.com/digital-pcr

Figure 4: naica® system’s total measurement variability, corresponding to averaged coefficients of variation for each color, under the defined experimental 
conditions at the three indicated final target concentrations.
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