
Multiplex cellular microRNA profiling 
using Firefly™ technology: a technical 
overview and cross-cytometer comparison 

Abstract

The Multiplex Cellular miRNA Assay using Firefly technology is a high-throughput, customizable solution for 
microRNA (miRNA) profiling across a diverse range of  sample classes, offering a simplified workflow and assay 
readout on standard flow cytometers.  In this technical note, we give an overview of  our Multiplex Cellular miRNA 
Assay and provide a side-by-side comparison of  assay performance on common bench top flow cytometers.  
On all systems tested, we demonstrate sub-attomole sensitivity, nearly five logs of  linear dynamic range and 
technical replicate coefficients-of-variation less than 5% for most target levels tested.  The Multiplex Cellular 
miRNA Assay can be used for the multiplexed detection of  up to 68 targets per sample.

Technology overview

As microRNA (miRNA)-based research shifts from 
discovery to validation, robust methods are needed to 
profile large sample cohorts. To address this need, we 
have developed a high-throughput method for multiplex 
miRNA analysis for use in research and clinical settings. 
The assay has been used to profile miRNAs in patient 
samples, model organisms and plants over a broad 
range of  sample classes including total RNA, crude cell 
digests and formalin-fixed tissues.

Multiplexing and customization. The Multiplex Cellular 
miRNA Assay is capable of  measuring up to 70 
targets simultaneously (68 + 2 built-in controls) without 
physical splitting of  the sample. This true multiplexing 
gives a profile in every well, simplifying the workflow 
and eliminating the need for inter-well normalization.  
Multiplexing is accomplished by using encoded hydrogel 
particles, each bearing a unique barcode that identifies 
the miRNA species being detected. The Multiplex 
Cellular miRNA Assay is completely customizable – 
researchers may design panels to detect any combination 
of  miRNAs annotated in miRbase, from any species.

Assay throughput and ease of  workflow. The assay 
is performed in a 96-well filter plate, allowing the 
simultaneous analysis of  up to 96 samples. Steps are 
carried out at 37ºC or room temperature with shaking. All  

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
reagents are non-toxic, yet provide stringent hybridization 
conditions for highly-specific miRNA detection. The basic 
assay workflow involves four steps (Figure 1):

1. Addition of  particles, hybridization buffer and samples 
to assay wells, followed by a 90 minute hybridization 
at 37ºC. 2X rinse.

2. Addition of  labeling buffer, followed by a 45 minute 
incubation at room temperature. 2X rinse.

3. Addition of  reporter, followed by a 45 minute 
incubation at room temperature. 2X rinse.

4. Addition of  run buffer, followed by scanning on a 
standard flow cytometer. 

The assay takes 3.5–4.5 hours from samples to data, 
depending on how many samples are processed in 
parallel. Unlike other approaches, the Multiplex Cellular 
miRNA Assay does not involve reverse transcription, 
library preparation or amplification, dramatically 
simplifying the workflow. 
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Figure 1: Multiplex Cellular miRNA Assay workflow. The assay is carried out in standard 96-well filter plates, with all steps carried out at 37ºC or 
room temperature. After capture and labeling of  miRNA targets, assay readout is performed using a standard flow cytometer. Data files from the 
cytometers are interpreted using Firefly Analysis Workbench software for analysis and export.

Molecular workflow. Firefly particles are composed of  
bio-inert poly(ethylene glycol) hydrogels. This unique 
substrate provides solution-like thermodynamics for 
optimal sensitivity and specificity, a non-fouling surface 
and three-dimensional target capture for enhanced 
capacity and greater dynamic range. Typically, miRNAs 
must be purified before profiling in complex samples such 
as cell lysate, plasma or serum. This step often requires 
laborious protocols, the use of  toxic chemicals, and may 
lead to biases in target recovery. Firefly hydrogel particles 
coupled with the post-hybridization labeling method  

 
makes the platform ideal for detection in total RNA or even 
crude sample digests, regardless of  purity. 

Probes are designed to have two binding sites: one for 
a specific miRNA and another for a universal adaptor 
sequence used for labeling (Figure 2a). When a miRNA 
target is captured on its corresponding probe, it is ligated  
to a universal adaptor. After addition of  a reporter species, 
this binding event is detected via fluorescence (Figure 
2b). The level of  fluorescence is quantitative, providing 
an accurate indication of  target level in a given sample. 
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Figure 2: Post-hybridization labeling scheme. (a) Probes embedded throughout the particle hydrogel have sites for a specific miRNA and an adjacent 
site for a universal label, which is detected via fluorescence. (b) Assay workflow involving hybridization for target capture, attachment of  a universal 
adaptor via labeling and reporting using fluorescence.

Assay readout using a standard flow cytometer. Final 
assay readout can be performed using a standard flow 
cytometer. The minimum configuration of  the system, 
given the current particle design, is a single blue laser 
(~488nm) for excitation with green (~525nm), yellow 
(~580nm) and red (~690nm) detectors. 

Firefly™ particles are designed to appear to the 
cytometer as a series of  closely spaced cells and each 
particle is recorded as multiple sequential events  
(Figure 3). The high aspect ratio of  the particles 
has been optimized to force alignment with flow in a 
cytometer flow cell, even in the absence of  sheath flow. 
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Using the information contained within the multiple 
regions of  the particles, up to 35 unique codes can 
easily be distinguished on all machines tested, and 70 
or more can be distinguished on most. For specialty 
applications, Firefly particles have even been designed 
to work with much simpler devices that have only a single 
excitation source and detector.
We developed the Firefly™ Analysis Workbench to 
interpret assay data collected on a standard flow 
cytometer. This software suite can be used to analyze 
flow cytometry standard (FCS) data generated with the 

assay. FCS files saved from the cytometer are uploaded 
into the Firefly Analysis Workbench along with a plex 
(PLX) file that contains information on the targets being 
detected for a given assay. The software parses through 
the events contained within the FCS file(s) and regroups 
them into particle information, with barcode data and 
target levels, in a matter of  seconds. These data are 
presented in plots showing the code clusters (Figure 
3, top right) and target quantification (Figure 3, bottom 
right) for a given sample. Data can be exported for 
further analysis.

Figure 3: Data interpretation using Firefly Analysis Workbench software. Shown on the left are scatter plots obtained by scanning Firefly particles on 
the Guava 8HT cytometer. The multiple events captured for each particle are interpreted using Firefly software to identify codes and quantify targets (right).

Detection across multiple flow cytometers

To better understand how the Firefly Multiplex Cellular miRNA 
Assay performs on commercially-available cytometers, we 
prepared a dilution series with a mixture of  five synthetic 
miRNAs and scanned using three machines including 
the Millipore Guava 8HT, BD Accuri C6, and Miltenyi 
MACSQuant. Data were collected in triplicate over a range 
from 25 femtomoles (25x10-15 moles) to 100 zeptomoles 
(100x10-21 moles). In each case, negative control wells (no 
target) were used to estimate assay background signals, and 
those values were subtracted from the signals at each target  

 
 
 
level. The results of  this comparison are shown in Figure 4.

Even though the three systems tested have slightly 
different lasers, detectors, filters and fluidics, the results of  
the Multiplex Cellular miRNA Assay are virtually identical. 
Each system shows a broad linear dynamic range over ~5 
logs with detection limits of  ~1 attomole or less for most 
targets. In addition, the coefficients of  variation for the 
technical replicates are all ~5% or lower for target levels 
above 6 attomoles.
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Target BD Accuri™ C6 Miltenyi 
MACSQuant®

Millipore 
Guava® 8HT

hsa-mir-206 0.57 0.39 0.50
hsa-mir-21-5p 0.54 0.46 2.72

hsa-mir-202-3p 1.36 0.55 1.96
hsa-mir-203 1.11 0.29 0.70

hsa-mir-185-5p 0.53 0.28 0.90
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0.76 33% 57% 65%
0.10 277% 225% 603%

Estimated Limits of Detection (attomoles)

Coefficients of Variation

A

C D

B

Figure 4: Comparison of  assay performance across three commercially-available flow cytometers. (a–c) Dilution series run in triplicate were analyzed 
across the three commercially available cytometers. (d) Data were analyzed to estimate the limit of  detection for each target on each system.  Also 
shown are the average coefficients of  variation across the triplicate measurements for each target level.

miRNA profiling of  cell digests with no need for RNA purification

We performed expression profiling across three breast 
cancer cell lines and compared results obtained using 
purified RNA with those obtained using crude cell digest 
as the input material. For purified RNA samples, TRIzol® 

was used with the recommended protocol. Because 
samples were abundant, approximately 2 μg of  total RNA 
was used in the assay. For lysate samples, cells were 
incubated for 60 minutes at 55ºC in a simple digest buffer 
(0.4 mg/ml proteinase K, 1% Tween-20, 0.5% SDS in 
2.5X Tris, pH 7.4), after which samples were filtered and 
25 μl was added directly into the assay. The cell  

 
equivalent for lysate experiments was approximately 
10,000 cells. After analysis, data were normalized by 
miR-16 for comparison. 

As shown in Figure 5, the profiling data for purified RNA 
closely matches those for the crude cell digests. This 
simple protocol enables high-throughput analysis of  cells 
without the need for toxic chemicals or laborious phase 
separations. Digest protocol may vary with cell or tissue 
type and/or amount, but this experiment demonstrates 
the feasibility of  a purification-free approach.



Figure 5: Comparison of  microRNA profiling from purified RNA and cell lysates across three cell lines. (a) Heat maps with log2, miR-16 normalized 
data. Grey cells represent targets that were not detected. (b) Scatter plot comparing miR-16 normalized data across the two data sets.

The Multiplex Cellular miRNA Assay provides a 
high-throughput means to profile miRNA in any species 
across a broad range of  starting material. The multiplex 
assay is completely customizable for detection of  up to 
68 targets per sample with a rapid workflow. The assay  

 
shows great consistency of  performance, regardless of  
the cytometer used for readout. In all cases, detection 
limits were near or lower than one attomole and the assay 
showed linearity over five logs of  dynamic range.
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