
Agilent SurePrint miRNA Microarrays 
Show Superior Performance in the 
miRQC Benchmark

Technical Note

Results and figures from the miRQC study1 focusing on four RNA samples, miRQC 
A – D, are presented here. The miRQC samples are Universal Human miRNA 
Reference RNA (A), Human Brain RNA (B), 3:1 and 1:3 titrations of the A and B 
samples (C = 0.75A + 0.25B and D = 0.25A + 0.75B). A common set of 196 miRNAs 
was measured across the 12 platforms outlined in Figure 1. For more details, 
please refer to the original publication.

Summary

MicroRNA (miRNA) research has grown dramatically in the effort 
to better understand gene regulation in diseases like cancer. Due 
to these research efforts, the catalog of known miRNAs has rapidly 
increased necessitating the need for good high-throughput detection 
tools. Among the three tools commonly used today: next generation 
RNA sequencing (RNA-Seq), reverse transcription-quantitative PCR 
(RT-qPCR), and microarray hybridization, the miRQC1 study has shown 
that Agilent SurePrint miRNA Microarrays exhibit the best perfor-
mance in titration response, reproducibility, and precision, in an assay 
that requires one of the lowest amounts of RNA starting material.

Figure 1. Platforms and Abbreviations. Technologies are grouped by colors in the figures: 
qPCR (blue), hybridization (red), and sequencing (green).

 Quantitative PCR (PCR)
EX miRCury (Exiqon)
OA OpenArray (Life Technologies)
TM TaqMan Cards (Life Technologies)
TMp TaqMan Cards preAmp (Life Technologies)
QI miScript (Qiagen)
QU qScript (Quanta BioSciences)
WA SmartChip (WaferGen)

 Hybridization (HYB)
AF microarray (Affymetrix)
AG microaray (Agilent)
NS nCounter (Nanostring)

 Sequencing (SEQ)
IL TruSeq (Illumina)
IT Ion Torrent (Life Technologies)
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For each platform, the percentage of 
miRNAs with correct sample order 
was calculated per bin and plotted in 
Figure 2A. As expected, most platforms 
correctly titrated the larger (|8|) fold 
change responses with 100% accuracy. 
The ability to correctly titrate the 
smaller (|1.4|) fold change responses 
distinguished the platforms with the 
highest performance. Agilent miRNA 
Microarrays displayed 100% titration 
response accuracy for all species with 
expression differences of |2|fold 
change or greater2.

As different platforms gave different 
expression measurements, a scale-
invariant metric was devised by ranking 
the miRNAs based on the absolute fold 

Superior Titration Response
For any miRNA, it is expected that the 
miRQC C and miRQC D samples will 
have expression values that titrate in 
line with the two unmixed miRQC A 
and miRQC B samples. The ability to 
correctly identify the expression order 
of the samples is called “titration 
response”. A platform’s titration 
response to any particular miRNA is 
generally better when the expression 
difference is large between the miRQC 
A and miRQC B samples. 

The range of expected fold changes 
between miRQC A and miRQC B was 
binned for the set of 196 miRNAs 
measured on all of the platforms. 

change difference between the miRQC 
A and miRQC B samples. These results 
were displayed in a cumulative area 
under the curve (AUC) graph, as shown 
in Figure 2B, where the highest rank 
miRNAs are on the x-axis (largest fold 
change) and lower ranked miRNAs are 
added to the bin until all species are 
included. The percentage of correctly 
titrated miRNAs in the cumulative bin 
is plotted along the y-axis for each 
platform, and the AUC value is the area 
under the curve. The AUC value for each 
platform was computed and plotted 
along a single scale in Figure 2C. Agilent 
miRNA Microarrays demonstrate the 
highest titration response among the 
12 measurement platforms tested.

Figure 2. Titration response. (A) Percentage of 
titrating miRNAs as a function of expression 
difference between miRQC A and miRQC B. 
Number of miRNAs used for analysis are listed 
in parenthesis below platform abbreviations. (B) 
Schematic of interpreting the titration response 
as an AUC value. FC = fold change. (C) AUC 
values representing the titration response for 
each platform. High AUC value denotes high 
titration response. 
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Superior Reproducibility
A platform with superior reproducibility 
will give the same measurement for 
the same miRNA over replicate assays. 
Platform reproducibility in the miRQC 
study was evaluated with scatter plots 
between each sample replicate for 
miRQC A – D, as shown in Figure 3A. 
miRNAs detected in both replicates 
and in a single replicate were plotted, 
where any missing single replicate 
value was imputed as 1-log2 unit below 
the detected replicate. Agilent miRNA 

microarrays exhibited high reproducibility 
as shown by a tight scatter plot with 
very few imputed values.

A single metric was devised to quantify 
platform reproducibility. For each 
platform, miRNAs were binned into 
groups of replicate expression difference. 
Figure 3B shows a cumulative graph 
where the bins of replicate expression 
differences are plotted on the x-axis. 
The cumulative fraction of all miRNAs 
exhibiting up to the indicated replicate 
expression difference is plotted on the 

Figure 3. Reproducibility. (A) Scatter plots of 
miRNA expression between all four miRQC 
samples and their replicates. Numbers of 
data points used for analysis are listed below 
platform abbreviations. (B) Schematic of 
interpreting reproducibility into an ALC value. 
(C) ALC value for each platform. Low ALC value 
denotes high reproducibility. 

y-axis. The ALC value is the area left 
of the cumulative distribution curve; 
thus, a perfect assay would produce 
a line with the optimal curve parallel 
to the y-axis (ALC = 0), and a less 
reproducible assay would have an 
increased area left of the curve (ALC 
> 0). The ALC value for each platform 
was determined and plotted on a single 
scale as shown in Figure 3C. Agilent 
miRNA Microarrays were superior to all 
other platforms tested in reproducibility.
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Summary
In the largest study of miRNA 
measurement platforms performed to 
date, the Agilent miRNA Microarray 
platform exhibited the highest titration 
response, reproducibility, and precision 
as compared to sequencing, qPCR, and 
other hybridization platforms tested 
in the miRQC study. Also, the Agilent 
miRNA Microarray platform required 
10x less RNA input as compared to the 
next closest competitors. By having 
the lowest input amount to preserve 
precious RNA and delivering unrivaled 
performance to provide high confidence 
results, the Agilent miRNA Microarray 
is the ideal platform for miRNA studies.

1. P. Mestdagh et al., Nature
Methods 11, 809–815 (2014)

2. P. Mestdagh et al., Nature
Methods 11, 809–815 (2014) –
Supplementary Text and Figures

Superior Precision in Accuracy
Platform accuracy was evaluated by 
computing the fold change difference in 
the miRQC C and miRQC D samples for 
miRNAs that are exclusively expressed 
in either the miRQC A or miRQC B 
sample. Given the titration relationship, 
the expected expression fold change 
of the miRNAs between miRQC C and 
miRQC D is expected to be three-fold. 
Actual miRNA fold change values 
were plotted for each measurement 
platform, as shown in Figure 4, where 
all platforms exhibited a range of 
differential expression with most of the 
platforms consistently underestimating 
the expected three-fold change value. 

Based on the range of fold change 
values, a precision metric of the 
accuracy can be determined. The 
importance of a precision metric is that 
a precise platform has the requisite 

consistency to calibrate for better 
accuracy. Precision is determined by 
the coefficient of variation (CV), the 
ratio of the standard deviation to the 
mean. As an extension to the original 
publication, the CV is computed for 
all platforms as shown in the table of 
Figure 4. Agilent miRNA Microarrays 
have the lowest amount of variation 
and exhibit the highest precision of the 
platforms tested.

Low Sample Input
The tests for titration response, 
reproducibility, and precision were all 
performed with RNA input amounts 
shown in Figure 5. Both the top 
performing qPCR and sequencing 
platforms required 1000 ng of RNA 
input. The top performing hybridization 
platform, Agilent miRNA Microarrays, 
required 10-fold less RNA at 100 ng of 
RNA input. 

Figure 4. Platform accuracy and precision. (A) Fold change plotted for |miRQC C/D| for 
miRNAs expressed exclusively in either the miRQC A or the miRQC B sample. The dotted line 
indicates the expected three-fold expression change. For each platform: the horizontal black line 
indicates median fold change, the total number of miRNA is listed below the platform identifier, 
and the coefficient of variation (CV) is computed for the range of fold change values.

Figure 5. Sample Input. The amount 
of input RNA for each platform.

RNA input (ng)
EX 40 AF 400
OA 100 AG 100
TM 350 NS 100
TMp 50
QI 500 IL 1,000
QU 800 IT 1,000
WA 1,000CV 0.21 0.83 0.25 0.46 0.80 0.59 0.46 0.31 0.39 0.58 039 0.51
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