
Variation in chromosomal number is known to occur in certain 
disease conditions such as cancer tumor progression.  However, 
the fraction of the tumor cells affected by chromosomal 
abnormalities may only be a small portion of the tumor mass 
making attempts to quantify chromosomal copy number 
a precision challenge.  Additionally, there may only be 10 
nanograms (ng) or less of highly fragmented material available 
for the analysis. In this application note we describe using the 
RainDrop Digital PCR System to overcome these measurement 
barriers and precisely measure chromosomal copy number 
differences.  

Copy Number in a Blended Sample 
Copy Number Variations (CNVs) are quantified with digital PCR 
by counting the number of molecules of a target location in the 
genome as normalized by a control location.  When the sample 
is pure and there is sufficient material, CNVs are simply and 
precisely identified.  However, in cases where the purity of the 
affected fraction of the sample is very low, for example 5%, as 
depicted in Figure 1, testing at a single locus is not sufficiently 
accurate.  To improve accuracy of CNV detection in samples of 
low purity we demonstrate a highly-multiplexed assay, where 
multiple regions of both chromosomes are targeted.  To simplify 
assay design, a universal probe sequence was deployed for 
each chromosome evaluated. 

Experimental Conditions: Assay design (Figure 2)
 • Probes UPL6 (CAGAGGAA) and UPL15 (TCCTGCTC) were 

selected from the Roche Universal Probe Library (UPL) set (Roche 
Applied Sciences).

 • UPL6 (Cat# 04685032001) probe labeled with FAM was obtained 
from Roche Applied Sciences.

 • UPL15 probe labeled with TET was obtained from Exiqon.

 • Coriell Cell Repository cell line DNA (cat # GM01921).

 • Promega wild type control DNA (Fisher cat #G3041/NEW).

40-plex Assay Design & Characterization
 • The primers demonstrating the best performance individually 

were multiplexed together to achieve a final set of 20 primer pairs 
amplifying a region of chromosome 18 containing UPL6 and 20 
primer pairs amplifying a region of chromosome 21 containing 
UPL15

 • The assays were processed with the standard workflow for the 
RainDance RainDrop Digital PCR System.

 • Test samples:

 - Blends of normal & trisomy 21 affected DNA was prepared at 
0%, 5% and 10% affected  

 - The blends were fragmented to 200 base pairs and tested at 
10ng, 25ng & 50ng starting DNA.

 - 8 replicates of each condition were used to calculate CVs.

APPLICATION NOTE

High-Precision Chromosomal Copy Number Measurement 
using RainDrop®  Digital PCR System 
Variation in chromosomal number is known to occur in certain disease conditions such 
as cancer tumor progression.  However, the fraction of cells affected may only be a small 
portion of the test material, making attempts to quantify chromosomal copy number 
a challenge.  This application note discusses using the RainDrop Digital PCR System 
to overcome these measurement barriers and precisely measure chromosomal copy 
number differences.  The most extreme case demonstrated is the discernment of 
affected and unaffected samples with a 99% confidence interval when the affected 
fraction of a sample makes up <5% of the 10ng starting material.
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Figure 1
CNV challenges of detecting 5% of trisomy affected material1.

Figure 2
UPL assay design schematic: Twenty primer pairs per chromosome
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Conclusions 
The RainDrop Digital PCR System accurately detected 
chromosomal copy number variations (CNVs) over a range of 
input amounts of target DNA, even in the cases when the 
sample is of low purity and highly fragmented.  As explained in 
this Application Note, High Precision CV was readily achieved on 
the RainDrop Digital PCR System using a tiled multi-locus dPCR 
assay design with universal probes.  The results demonstrate:
 • With input as low as 10 ng with 5% affected fraction, the 

RainDrop Digital PCR System can accurately and precisely detect 
chromosomal CNVs by co-amplifying chromosomes with 40 
unique primer-probe regions

 • Superb system performance with a close match of observed CV 
and calculated expected CV

 • Contribution to the CVs from the RainDrop Digital PCR System 
and the UPL assays developed was less than 0.5%  under the test 
conditions 

Reference: 1: Image adopted from US National Library of Medicine (http://ghr.nlm.nih.gov/

handbook/basics/howmanychromosomes).

The RainDrop Digital PCR System is for Research Use Only; not for use in 

diagnostic procedures.
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Figure 3
RainDrop Digital PCR System cumulative counts obtained

Table 2
Observed separation between normal and affected 
chromosomal CNVs as calculated in terms of Standard 
Deviations (6 SD representing 99.9% confidence in separation).  
Nearly 6 SD shown in the most difficult scenario of 10 ng and 
5% affected fraction

Table 3
Assessment of Total System Precision at three levels of 
starting DNA. The Expected CV is a calculated statistical value 
and the system CV is the difference between the Expected 
and Observed CV; a negative System CV is not expected and 
can only be explained by the extremely high precision of the 
measurement of a low number of replicates.

1 Chr 18 UPL x 1 Chr 21 UPL 5 Chr 18 UPL x 5 Chr 21 UPL 20 Chr 18 UPL x 20 Chr 21 UPL

Table 1
Increasing overall counts per chromosome reduces statistical 
uncertainty

 10 ng DNA TET FAM Uncertainty
1-Plex/1-Plex 2,102 2,141 3.1%
5-Plex/5-Plex 11,992 11,848 1.3%

10-Plex/10-Plex 23,493 23,459 0.92%
20-Plex/20-Plex 42,383 42,888 0.68%
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