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The Nadia product is for research use only and is not to be used for any other purposes, including, but 
not limited to, use in drugs, in vitro diagnostics, or use in humans. The document and its content are 
proprietary to Dolomite Bio and is intended only in connection with the products described herein and 
for no other purposes. 

The document and its contents shall not be reproduced, disclosed, or used for any other purpose without 
written consent of Dolomite Bio. Dolomite Bio does not convey any license under its trademark, copyright, 
or common-law rights nor similar rights of any third parties by this document.

Dolomite Bio makes no warranty of any kind, either expressed or implied. This includes merchantability 
for this product, and the fitness of the product for any purpose. 

Nadia is a trademark of Dolomite Bio. All other brands and names mentioned within this document are 
the property of their respective owners.

1. DISCLAIMER
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Dolomite Bio has developed the Nadia Instrument, 
a high-throughput platform for automated droplet 
generation from multiple biological samples for 
single cell, single nuclei and plant protoplast 
research. This application note describes the 
RNAdia protocol for the generation of single cell 
RNA-Sequencing (scRNA-Seq) libraries using the 
Dolomite Bio Nadia Instrument. 

2. SUMMARY

Figure 1: Schematic of the encapsulation of barcoded mRNA-capture beads with single cells. 
In a single run, tens of thousands of single cells can be co-encapsulated with uniquely barcoded 
beads.  Cells are lysed inside the droplets and their mRNA content is captured on the beads. These 
beads are subsequently recovered and processed for downstream analysis using NGS technologies.

3. INTRODUCTION
Cell encapsulation within microfluidic droplets is an 
exciting, cutting-edge technique that, enables the 
analysis of thousands of single cells within a single 
experiment. This unprecedented analytical power 
enables the discovery of previously unidentified or 
cryptic cell types in a tissue of interest and allows 
the characterisation of individual cells within 
biologically important processes. 

In the RNAdia protocol, single cells are encapsulated 
alongside beads in droplets (Figure 1). These beads 
are covered with oligonucleotides containing 
a (dT)30 stretch allowing for the capture of 
polyadenylated mRNA. During a run on the Nadia 
instrument, cells are resuspended in cell buffer while 
the capture beads are resuspended in lysis buffer. 
Once encapsulated in droplets the cells lyse and 
the mRNA can be captured on the beads. At the 
end of the run, droplets containing the beads with 
the captured transcriptome are recovered from the 
Nadia instrument. The emulsion is then broken, and 
the captured mRNA is reverse transcribed into cDNA. 
Each bead also carries a unique DNA barcode that 
identifies not only individual cells, but also individual 

mRNA transcripts derived from any given cell. 

Dolomite Bio, a world leader in the design 
and manufacture of microfluidic systems and 
components, developed the Nadia Instrument for 
easy-to-use, high throughput analysis of single cell 
samples. Nadia allows the encapsulation of up to 
8 samples and over 50,000 cells in parallel using 
a fully automated process, including temperature 
control and homogenisation of samples. 

The Nadia platform allows you to study an 
unprecedented panel of cell types and samples. Thanks 
to its high sample compatibility, cell types of over 50 
µm in diameter such as plants and cardiomyocytes 
can be successfully encapsulated. This high sample 
compatibility can be used to investigate the larger 
cell types present in samples and obtain a more 
representative subset of the original sample.

This application note describes results obtained 
using the RNAdia kit on the Nadia instrument for 
transcriptome analysis of single cells.

With the RNAdia kit and the Nadia instrument, it 
is possible to investigate thousands of individual 
cells per samples to study cellular expression 
profiles. Users benefit from the high throughput 
capability of the Nadia Instrument and can 
dropletize up to 50,000 single cell libraries in 
under 20 minutes. The Nadia is also a highly 
flexible instrument which enables research on an 
unprecedented panel of cell types and samples.
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4. MATERIALS AND METHODS

Droplet system. Dolomite Bio’s Nadia Instrument 
(Figure 2) is designed to allow high throughput 
analysis of single cells using droplet microfluidics. 
It produces highly monodispersed droplets using 
three independent, ultra-smooth pressure pumps. 
The Nadia Instrument has been designed for 
ease-of-use guiding the user through a chosen 
application with step-by-step instructions that are 
clear and effortless to follow. Samples are chilled 
and stirred during the encapsulation process 
ensuring high quality and evenly suspended 
cell and bead suspensions. Runs on the Nadia 
instrument can be customised by allowing the 
user to change sample volume, sample number 
and cell stirrer speed to adapt for different 
experimental requirements.

Preparation and encapsulation of beads and cells. 
A detailed description of material and methods used 
in this application note can be found in the RNAdia 
protocol. Please contact support@dolomite-bio.com 
for further information.

Cell viability. To demonstrate that gentle stirring 
employed to maintain cells in suspension exerted 
no adverse effects, cellular viability was tested 
using 0.4% Trypan Blue Solution (#15250061, 
ThermoFisher Scientific). MEF cells at a density of 
6400 cells/µl in a 1:1 solution of PBS-BSA + 0.4% 
Trypan Blue were stirred in the Nadia Instrument 

Figure 2: The Nadia Instrument

for 30 min at 4˚C and compared to cells that had 
been stored on ice for 30 min without stirring. 
Cell viability was measured by determining the 
number of viable cells (unstained cells).

Preparation and NGS-analysis of single cell 
DNA libraries. The steps following cells and beads 
encapsulation on the Nadia Instrument were 
conducted as described in the RNAdia protocol. 
Aliquots of 8,000 beads were used for each PCR 
reactions, which corresponded to approximately 
400 STAMPs (Single-cell Transcriptome Attached 
to MicroParticles) per PCR reaction. The quality 
of DNA following PCR amplification and library 
preparation was determined using a BioAnalyzer. 

Illumina sequencing and bioinformatic pipeline. 
The fragmented libraries were sequenced on 
Illumina’s NovaSeq instrument using SP 100 
cycles paired-end. We configured read lengths of 
28 bp for read 1, 8 bp for the i7 index read and 91 
bp for read 2. 

For data-analysis, “dropSeqPipe” v 0.5 (https://
github.com/Hoohm/dropSeqPipe) a computational 
pipeline incorporating various software tools 
such as “Drop-Seq tools” from McCarroll Lab at 
Harvard as well as Seurat from Satija Lab was 
used using default settings.
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5. RESULTS
To assess the performance of the RNAdia 
workflow with the Nadia instrument, mixed-species 
experiments were conducted using the following 
mammalian cell lines: HEK 293 T (human epithelial 
kidney) and 3T3 (murine fibroblast). Factors that 
will influence the overall workflow efficiency and 
data quality include emulsion quality, gene capture 
rate and reproducibility. The quality of the emulsion 

and the cell suspension will impact the doublet rate, 
which is the percentage of barcoded beads that have 
captured more than a single cell. Gene capture rate is 
defined by the number of genes detected at a given 
sequencing depth, which is indicative of the efficiency 
of the overall protocol. Lastly, comparing results from 
different replicates provides an indication of the 
reproducibility of the RNAdia method

The droplet quality was analysed over 30 runs 
performed either in-house or at customers’ sites. 
The average droplet size was found to be 81 µm 
with a CV (Coefficient of Variation) of 4 %. The 
rate of bead encapsulation was determined by 
“number of droplets containing a bead” divided by 
the “total number of droplets”. On average, 11 % of 
all droplets contained a bead which is consistent 
with a theoretical encapsulation rate of 10%.

Cell viability was tested to demonstrate that 
gentle stirring employed to maintain cells in 
suspension exerted no adverse effects. Cells that 
had been stirred on Nadia for 30 min at 4˚C were 
compared to cells that had been stored on ice for 
30 min without stirring. No significant difference 
was observed between those two experiments, 

with 91 % of the cells viable after stirring and 90 
% viable when stored on ice without stirring.

Figure 3 Droplets produced during a Drop-seq run on the Nadia Instrument

Flowing beads and cells.

The Nadia Instrument contains built-in stirrers that gently 
agitate the cell and bead suspensions. This ensures that 
samples stay in suspension for the duration of the run. 
In addition, beads and cells are evenly encapsulated 
reducing the chance of either cell or bead doublets. The 

stirrers avoid cell and bead damage by rotating gently 
and away from the walls or the bottom of the chambers. 
To evaluate emulsion quality, monodispersity was 
estimated by measuring the average droplet size and 
the rate of encapsulation of beads (Figure 3). 

Preparation of single cell cDNA libraries for 
NGS-analysis. 

After recovery of the emulsion from the instrument 
beads were treated as described in RNAdia 
protocol. After PCR amplification (Figure 4 A) and 
fragmentation (Figure 4 B) a proportion of the cDNA 
library was analysed on a BioAnalyzer to estimate 
size distribution and overall quality. The desired 
cDNA library should have an average size of 1300-
2000 bp (Figure 4 A). The fragmented library should 
have an average size of 350 – 550 bp.
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Performance of the RNAdia 
protocol on the Nadia Instrument. 

Two mixed species datasets were generated on 
the Nadia using the RNAdia protocol. Table 1 
shows an overview of the data obtained with the 
RNAdia method. It summarizes the doublet rate, 
NGS reads per cell, and median number of genes 

A

B

Table 1 Summary of RNAdia data on the Nadia instrument.

Datasets Doublet rate NGS read per 
cell 

Median 
genes per cell 

(human)

Median 
UMIs per cell 

(human)

Median 
genes per cell 

(Mouse)

Median 
UMIs per cell 

(Mouse)

RNAdia R1 4.7% 160,538 5,252 15,113 5,046 14,255

100,000 4,610 12,314 4,427 11,597

40,000 3,231 6,937 3,043 6,502

RNAdia R2 6.6% 182,208 5,680 17,231 5,456 16,589

100,000 4,856 13,375 4,639 12,724

40,000 3,430 7,720 3,255 7,3 57

 

and Unique Molecular Identifiers (UMIs) detected 
for both human and mouse cells. A low doublet 
rate was observed in both replicates which was 
5.7% at 75,000 input cells on average. In addition, 
high numbers of genes and UMIs were detected 
in human HEK293T and mouse 3T3 cells and in 
both datasets. Also, at lower read depth of 20k 
read pairs per cell over 3,000 genes per cell can 
be detected for both HEK293T and 3T3 cells.

RNAdia R1 RNAdia R2
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Figure 6: Efficient gene capture with RNAdia. Genes per cell were plotted as a function 
of the read depth per cell for human HEK293T (A) and mouse 3T3 cells (B) and compared 
over two replicates of RNAdia libraries.

Evaluation of gene capture efficiency. 

To evaluate the gene capture efficiencies, human 
and mouse cells analysed for each dataset were 
plotted according to the number of genes and 
reads detected per cell (Figure 6). 

Figure 5: Sequencing saturation plot of RNAdia 
libraries Genes per cell are plotted as a function of the 
read depth for both human HEK293T and mouse 3T3 
cells of two RNAdia library replicates

The median of detected genes is dependent on the 
sequencing depth per cell. However, this is not a 
linear relationship. We performed downsampling 
on both RNAdia libraries to show genes detected 
per cell as a function of the sequencing depth.

A high number of genes was also detected at 
lower sequencing depth. The sequencing depth 

Figure 6 shows an efficient gene capture in cells 
from both species with median genes detected per 
cell of over 5,000 genes per cell for both species.  

can be selected based on the research question 
and the type of sample investigated. A lower 
sequencing depth could be sufficient to identify 
the main cell types present in a sample while a 
higher sequencing depth will be useful to fully 
understand the gene expression and detect less 
well represented transcripts.
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Figure 7: High UMI capture with RNAdia for efficient gene expression study UMIs per 
cell were plotted as a function of the read depth per cell for human HEK293T (A) and 
mouse 3T3 cells (B) for two replicates of RNAdia libraries.

Data visualisation and reproducibility 
of RNAdia data on the Nadia instrument. 

Two mixed species datasets were generated 
on the Nadia using the RNAdia protocol, with 
replicates run during two different experiments 
by the same operator. The data generated are 
visualised in the Uniform manifold approximation 

Figure 8: UMAP plot of the RNAdia libraries A UMAP 
was plotted for two RNAdia on Nadia libraries of two 
different replicates. The visualization shows distanced 
clusters for human and mouse cells and an overlap of 
the two replicates.

Evaluation of the UMI capture efficiency.

To evaluate the UMI capture efficiencies, human 
HEK293T and mouse 3T3 cells lines analysed for 
each dataset were plotted according to the number 
of UMIs and reads detected per cell (Figure 7). 

Figure 7 shows an efficient UMI capture in cells 
from both species with median UMI detected per 
cell between 14,000 to 17,000 UMIs per cell for 
both species.  

and projection (UMAP) plot in Figure 8. The plot 
shows two distanced clusters for HEK293T and 
mouse 3T3 cells and an overlap of the two RNAdia 
library replicates.
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6. DISCUSSION
High-throughput single cell analysis provides 
insight into gene expression profiles of thousands 
of cells at the single cell level allowing to better 
understand the heterogeneity of samples and 
tissues, investigate cellular development and to 
evaluate the impact of external factors.

We have shown that the RNAdia protocol on the 
Nadia Instrument can efficiently, cost effectively 
and reproducibly encapsulate cells alongside 
barcoded mRNA capture beads. Nadia produces 
highly monodisperse droplets with a cell capture 
rate of 11 %. We have also shown that gentle 
stirring on Nadia, both maintains beads and 
cells in suspension and facilitates encapsulation 
without damaging cells. Furthermore, stirring 
permits an even encapsulation of cells and beads 
ensuring a low cell and bead doublet rate.

Captured cells, for two mixed species RNAdia 
libraries, were processed and analysed using 
Illumina short read sequencing and doublet rate, 
gene and UMI capture evaluated. The cell doublet 
rate was found to be on average 5.7% at 75,000 
input cells. The RNAdia protocol uses a starting 
cell concentration of 300 cells/µl and gentle sample 
stirring to ensuring that the doublet rate remains 
low. The run on the Nadia instrument only lasts for 
20 minutes, this short run time lowers the risk of 
cells death or alteration of transcriptome state due 

to stress. This risk is further reduced by the in-built 
temperature control in the Nadia instrument which 
keeps samples at a constant temperature of 4˚C 
during a run.

Another important measurement to assess the 
quality as well as the efficiency of a scRNA-seq 
experiment is the number of UMIs and genes 
detected per cell at a given sequencing depth. 
These numbers will depend upon a variety of 
factors that include but are not limited to, the 
sample type, size of the cellular transcriptome and 
the chosen sequencing depth per cell. 

We detected over 5,000 genes per cell at maximum 
read depth for both human and mouse cell lines. 
By reducing the sequencing depth to as little as 20 
read pairs per cell, the RNAdia method on the Nadia 
instrument was still able to detect over 3,000 genes 
per cell showing efficient gene capture even at low 
read depth - rendering this a very cost-efficient 
workflow. Similarly, over 15,000 and about 7,000 
transcripts were captured at maximum and 40,000 
read depth respectively.

Finally, we evaluated reproducibility of data and 
its ability to separate different types of cells by 
comparing the two replicates using a UMAP plot. The 
visualization of those data showed good separation 
of species and overlap of biological replicates.
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7. PRODUCT INFORMATION
Order number Instrument/Consumables

3200971 RNAdia Kit (2 Runs)

3200972 RNAdia Kit (8 Runs)

3200973 Nadia Cartridge for RNAdia 8 Runs (8x1)

3200974 Nadia Cartridge for RNAdia 8 Runs (2x4)

3200975 Nadia Cartridge for RNAdia 8 Runs (4x2)

3200976 Nadia Cartridge for RNAdia 8 Runs (2x2 & 1x4)

3200977 Nadia Cartridge for RNAdia 8 Runs (1x8)

3200978 Nadia Cartridge for RNAdia 40 Runs (40x1)

3200979 Nadia Cartridge for RNAdia 40 Runs (10x2 & 5x4)

3200980 Nadia Cartridge for RNAdia 40 Runs (5x8)
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