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Disclaimer 

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. 
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Summary 

 

Dolomite Bio has developed the Nadia Instrument, a high-throughput platform for 
automated droplet generation from multiple biological samples for single cell 
research. This application note describes the sNuc-Seq on Nadia protocol for 
generation of single nuclei sequencing libraries as originally described by Habib et 
al.  2017 (1).  
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Introduction 

A recently published method, ‘DroNc-Seq’ (1) by Habib et al. described the use of 
single nuclei as a proxy for whole cells to generate thousands of single nuclear 
transcriptomes. This allows the use of cells that cannot be readily dissociated or are 
fixed. Similar to the Drop-Seq protocol (2), it is desired to encapsulate single nuclei 
with single barcoded beads (Figure 1). The beads have surfaces coated with 
oligonucleotides containing a (dT)30 stretch. This allows for the capture of 
polyadenylated mRNA, which after emulsion breakage is subsequently reverse 
transcribed into cDNA. Each bead also carries a unique DNA barcode that identifies 
not only individual cells or nuclei, but also individual mRNA transcripts derived from 
any given cell or nucleus. As with Drop-Seq there is a trade-off between low 
doublet rates by using more dilute nuclei and beads at higher throughput, or more 
efficient capture of nuclei with more concentrated nuclei and/or beads potentially 
resulting in higher doublet rates. 

 

Figure 1 Schematic of the encapsulation of barcoded mRNA capture beads with single nuclei 
isolated from fixed or frozen tissue samples. Tens of thousands of single nuclei are co-
encapsulated with uniquely barcoded beads. The nuclei are lysed inside the droplets and their 
mRNA content is captured on the beads.  

 

Since its original publication by Habib et al. 2017 (1) nuclei encapsulation is now 
increasingly used for difficult-to-isolate cells or archived tissues and is rapidly 
transitioning from an engineering demonstration to a research tool. The original 
nuclei encapsulation systems used were bespoke experimental systems built by 
engineers within research laboratories. These prototype systems are not 
necessarily easy for biologists to employ in a day-to-day research workflow. In this 
application note we describe the adaptation of sNuc-Seq on the Dolomite Bio’s 
easy to use, automated Nadia platform. 
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Materials and 

Methods 

Droplet system. Dolomite Bio’s Nadia Instrument 
(Figure 2) is designed to allow high throughput 
analysis of single cells and single nuclei using droplet 
microfluidics. It produces highly monodisperse 
droplets using three independent, ultra-smooth 
pressure pumps. The Nadia Instrument has been 
designed for 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 sample and bead 
suspensions. Runs on the NadiaInstrument can be 
customised by allowing the user to change sample 
volume, sample number and sample stirrer speed to 
adapt for different experimental requirements. 

 

Preparation and encapsulation of beads and nuclei. Nuclei were extracted from a 
mixture of human HEK 293T and mouse 3T3 cells. A detailed description of 
materials and methods used in this application note can be found in the “sNuc-Seq 
on Nadia protocol”. Please contact DolomiteBio@syrris.zohosupport.com for further 
information. 

 

Preparation and NGS-analysis of single nuclei DNA libraries. The steps following 
nuclei and beads encapsulation on the Nadia Instrument were conducted as 
described in the “sNuc-Seq on Nadia” protocol. Aliquots of 5,000 beads were used 
in 4 PCR reactions amplifying a total of 20,000 beads. The quality of DNA following 
PCR amplification and tagmentation was determined using a BioAnalyzer. Knee 
plots were used to identify 200-250 nuclei of high quality that were selected for 
further analysis. 

 

Illumina sequencing and bioinformatic pipeline. The tagmented DNA libraries 
were sequenced on Illumina’s NextSeq 500 instrument using a 2x75 bp paired-end 
run. Read lengths were configured as follows: 26 bp for read 1, 8 bp for the index 
read (only required when multiplexing) and 116 bp for read 2. For data analysis, the 
“dropSeqPipe” (https://github.com/Hoohm/dropSeqPipe), a computational pipeline 
developed by the McCarroll Lab at Harvard, was used. The analysis was performed 
as described in Macosko et al., 2015. 

 

Figure 2 Nadia Instrument 

mailto:DolomiteBio@syrris.zohosupport.com
https://github.com/Hoohm/dropSeqPipe
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Results 

To assess the performance of the Nadia instrument as well as the overall workflow 
efficiency, a series of mixed-species experiments was performed using the “sNuc-
Seq on Nadia” protocol. Factors that influence the overall workflow efficiency and 
data quality include PCR duplication rate, gene capture rate and reproducibility. 
The PCR duplication rate is defined by the ratio of detected UMIs (Unique Molecular 
Identifier) to reads per nucleus. The 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. Furthermore, comparing results from experiments carried out 
on different days by different users will give an indication of the reproducibility. 
Lastly, comparing in-house sNuc-Seq and scRNA-Seq data obtained from Nadia 
will give an indication of the correlation of transcriptomes from the two approaches 
and an assessment of the differences between nuclear and cellular transcriptomes. 

 

Preparation of single nuclei cDNA libraries for NGS-analysis. After recovery of the 
emulsion from the instrument, beads were treated as described in the “sNuc-Seq on 
Nadia” protocol. After PCR amplification (Figure 3 A) and tagmentation (Figure 3 B) 
a portion of the cDNA library was analysed on a BioAnalyzer to estimate size 
distribution and overall quality. The size distribution of the PCR products (Figure 3 
A) was typical of that of a mammalian transcriptome. The sequencing-ready 
tagmented library (Figure 3 B) had an expected size range of 300 to 1000 bp. 

 

A  

B   

Figure 3 BioAnalyzer results (A) before and (B) after tagmentation. 

 

Performance of the sNuc-Seq protocol on the Nadia Instrument. The quality of 
the sequencing data was assessed based on knee- and Barnyard plots as well as 
the percentage of ribosomal and mitochondrial DNA detected in the samples. The 
knee plot allows for the estimation of the number of productive beads per sample 
(i.e. beads that have captured mRNA derived from a nucleus). Each bead can be 
associated with a unique barcode and a corresponding number of NGS reads. The 
barcodes are then arranged in descending order of reads and visualised alongside 
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the cumulative fraction of reads. Taking into account the amount of sequencing 
performed 210 (Figure 4Figure 4) and 250 nuclei were identified, in the two in-house 
sNuc-Seq on Nadia datasets. 

 

 

Figure 4 A knee plot comparing cell barcodes in descending order of reads alongside the 
cumulative fraction of reads. 

To determine the doublet rate in the in-house mixed-species experiment a Barnyard 
plot was used. This plot depicts nuclei as individual data points, each associated 
with a number of human or mouse transcripts (Figure 5). For the dataset shown, 91 
nuclei were associated with only mouse transcripts, 113 with only human 
transcripts and 6 nuclei carried transcripts from both species. This equated to a 
doublet rate of 5.7 %. This doublet rate is comparable to mixed species data 
published by Habib et al. 2017 which showed a doublet rate of 4.7 % for DroNc-
Seq data. 

 

 

Figure 5 A Barnyard plot depicting nuclei as individual data points each associated with a 
number of human or mouse transcripts 

The amount of ribosomal and mitochondrial RNA captured is an important factor to 
determine the quality of the sNuc-Seq datasets and a low amount is indicative for 
the purity of the extracted nuclei. The percentage of ribosomal and mitochondrial 
RNA reads in samples obtained from the Nadia instrument was below 0.5% and 
comparable to values obtained by Habib et al. 2017 (Figure 6). 
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Figure 6 Percentage of ribosomal and mitochondrial RNA detected. 

 

Evaluation of PCR duplication rate and gene capture efficiency  

To evaluate PCR duplication rate and gene capture efficiency a set of four 
independent sNuc-Seq Nadia runs were compared to DroNc-Seq data published by 
Habib et al.  2017. The dataset consisted of two sets of two replicates of ~200 
nuclei each, one set was produced in-house and another set externally. All Nadia 
datasets were sequenced at a sequencing depth of ~85,000 reads/nucleus. An 
overview of this comparison is given in Table 1. The table summarizes the number 
of nuclei as determined with knee plots, NGS reads per nuclei and median number 
of genes and UMIs (transcripts) detected.  

 

Table 1 Comparison of a set of four independent sNuc-Seq on Nadia runs to published 
DroNc-Seq data  

 Number 
of Nuclei 

NGS reads/ 
nucleus 

Median 

Sample Genes UMIs 

Nadia in-house R1 210 86,761  2,420 4,397 

Nadia in-house R2 250 88,348  1,714 2,804 

Nadia external R3 200 85,672  1,921 3,306 

Nadia external R4 200 86,967  2,041 3,546 

Habib R1 3499 54,424  1,226 1,831 

Habib R2 2000 50,580  1,528 2,352 

 

To evaluate the gene capture efficiencies, nuclei analysed for each of the six 
datasets were plotted according to the number of genes and reads detected per 
nucleus (Figure 7). Figure 7 shows that all datasets obtained on the Nadia 
instrument were very comparable to data published by Habib et al.  2017.  
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Figure 7 The number of detected genes was compared to the read depth across all samples. 

 

Plotting the number of detected UMIs against reads per nucleus is indicative for the 
PCR duplication rate during cDNA amplification and the number of transcripts 
detected (Figure 8). The black line in this plot reflects the ideal ratio of 1 UMI per 1 
read. All sNuc-Seq on Nadia datasets aligned very closely to this ideal line. 

 

 

Figure 8 The number of detected UMIs was compared to the read depth per nucleus across 
samples. The black line represents the ideal ratio of 1 UMI per 1 read, indicating no PCR 
duplicates. 
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Comparison of data obtained for nuclei and cells 

The in-house datasets obtained with the “sNuc-Seq on Nadia” protocol were 
compared to data generated using the scRNA-Seq workflow on Nadia.  The overall 
similarity of the datasets was addressed, i.e. expression of cytosolic and nucleic 
marker genes as well as percentage of introns and exons in the different datasets. 
A scatter plot was used to compare the average expression of genes over all 
barcodes between sNuc-Seq and scRNA-Seq generated on Nadia. The average 
Pearson correlation coefficient for the expression profile of single nuclei compared 
to single cells was 0.92 (Figure 9 A). Indicated in blue and red on Figure 9 are genes 
that were enriched in nuclei and cells respectively. Genes outlined in this correlation 
plot were further examined using a Ridge plot. The expression levels of these genes 
were compared between sNuc-Seq and scRNA-Seq datasets.  

 

 

A  

 

B  

Figure 9 (A) Scatter plot comparing gene expression across all barcodes for in-house scRNA- 
and sNuc-Seq datasets, with data points indicating genes enriched in either nuclei (blue) or 
cell (red) samples. (B) Ridge plot showing expression levels of genes (x-aches) enriched in 
either cells or nuclei (enrichment indicated by peak height) compared between sNuc-Seq 
(blue) and scRNA-Seq (yellow) datasets obtained on Nadia in-house. 
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The numbers of reads attributed to exons and introns as a proportion of the total 
reads detected were compared between scRNA- and sNuc-Seq datasets obtained 
on Nadia (in-house and externally) and DroNc-Seq data by Habib et al., 2017 
(Figure 10). The proportion of reads covering exons for cells was typically observed 
to be close to about 90% as opposed to nuclei in which exonic reads constituted 50 
– 60% of total reads. The proportion of reads that were intronic for cells was below 
10% and up to about 40% in nuclei. 

 

 

Figure 10 Comparison of percentage of reads attributed to introns and exons between nuclei 
(blue) and cells (yellow) processed on Nadia in-house and externally and by Habib et al.  
2017. 
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Discussion 

The development of high-throughput single nuclei analysis allows, for the first time, 
insight into gene expression profiles of cells that are fixed or frozen or cannot be 
readily dissociated such as neuronal and plant cells. 

Data shown in this application note demonstrate the efficiency of the “sNuc-Seq on 
Nadia“ protocol. The performance of the protocol was assessed by analysing the 
doublet rate, gene and transcript capture efficiency, amount of ribosomal and 
mitochondrial DNA detected as well as by comparing data obtained from cells and 
nuclei. All of the above were compared across different datasets generated on 
Nadia in-house and externally as well as datasets published by Habib et al., 2017. 

Habib et al., 2017 suggested that the exact number of beads required to analyse a 
certain number of nuclei will be highly dependent on the cell type in question, the 
number of desired reads per nucleus and the amount of sequencing to be 
performed. The researchers in this publication tested different numbers of beads 
per sample ranging from 20,000 to 160,000 beads that had been pooled into 
individual libraries for sequencing. In order to compare our results with the 
published data, the datasets generated in-house on Nadia were derived from 
20,000 beads. The amount of sequencing performed enabled, on average, 200 
high-quality nuclei to be shortlisted for further analysis. Compared to Drop-Seq in 
which 2,000 beads per PCR reaction is optimal, Habib et al., 2017 suggested the 
use of 5,000 beads per reaction for DroNc-Seq, an amount also used for this 
application note. The quality of sNuc-Seq libraries produced on Nadia was then 
evaluated by calculating the doublet rate and comparing the amounts of ribosomal 
and mitochondrial DNA detected. Both quality controls showed values similar to 
those obtained in the paper published by Habib et al., 2017 and are indicative of 
high-quality libraries. 

The numbers of genes and transcripts (UMIs) captured per nucleus were also used 
to assess the performance of sNuc-Seq on Nadia. Data generated on Nadia 
detected 2,000 genes and 3,500 transcripts per nucleus on average at a read depth 
of about 80,000 reads per nucleus. These numbers compared well with published 
DroNc-Seq data (Habib et al., 2017). In contrast, the number of detected genes 
derived from scRNA-Seq data generated on Nadia ranged between 3,000 and 
5,500 genes per cell, depending on sequencing depth and the type of cells that was 
analysed. The fact that the number of genes and transcripts captured in cells was 
higher than in nuclei was not surprising, considering that nuclei generally contain 
lower quantities of RNA compared to intact cells. 

Another objective of this application note was to compare the transcriptomes 
obtained from sNuc-Seq and scRNA-Seq experiments using the same cell types 
(HEK 293T and 3T3 cell cultures). The literature suggests that to a large degree, 
transcriptomes captured from nuclei are representative of those of cells (1, 3). This 
enables the identification of different cell types and clusters when using nuclei as a 
proxy for cells. In line with this hypothesis, a strong correlation between the Nadia 
scRNA- and sNuc-Seq datasets could be detected. While some genes were found 
to be particularly enriched in either cells or nuclei, there were generally five times 
more genes enriched in cells compared to nuclei. This can be explained by the fact 
that the cell lysis buffer used in the scRNA-Seq protocol also lyses nuclei. It is 
therefore expected that scRNA-Seq data captures information from cytoplasmic as 
well as nuclear mRNA. To this end, genes enriched in cells included many 
mitochondrial RNAs such as MT-ND1 and MT-CO3, whereas nuclear transcripts 
included antisense RNA such as XIST. A characteristic of transcriptomes from nuclei 
is the high amount of nascent RNA.  This was confirmed by analysing the 
proportion of intronic and exonic reads in sNuc-Seq datasets derived from Nadia. 
As expected, scRNA-Seq data contained a higher proportion of exonic reads and a 
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correspondingly lower proportion of intronic reads. Taken together, the ratios of 
exonic to intronic reads for sNuc-Seq datasets obtained from Nadia and DroNc-Seq 
data by Habib et.al., 2017 were very comparable, confirming the purity of the 
isolated nuclei as well as high data quality derived from Nadia experiments. 
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Conclusion 

Using the “sNuc-Seq on Nadia” protocol, Dolomite Bio obtained high-quality single 
nuclei cDNA libraries that were further analysed to assess the performance and 
efficiency of the overall workflow. To that end the doublet rate, PCR duplication 
rate and gene capture rate were evaluated. sNuc- and scRNA-Seq data were also 
compared with a focus on enriched genes specific for either nuclei or cells, as well 
as intronic-exonic-read ratios to determine the amount of nascent mRNA 
characteristic of nuclei. It was demonstrated that “sNuc-Seq on Nadia” not only 
yielded low doublet rates, but resulted in high gene capture, as well as low PCR 
duplication rates making sNuc-Seq on Nadia an efficient approach for the analysis 
of single nuclei transcriptomes. 
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Instrument/ Consumables Order Number 

Nadia Instrument 3200590 

Nadia Training Cartridge 3200605 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 8 Samples (8x1) 3200648 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 8 Samples (2x2 & 
1x4) 

3200649 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 8 Samples (1x8) 3200650 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 40 Samples (40x1) 3200651 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 40 Samples (10x2 
& 5x4) 

3200652 

Nadia Cartridge for scRNA-Seq and sNuc-Seq - 40 Samples (5x8) 3200653 


