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INTRODUCTION

Single-cell and single-nuclei RNA sequencing (scRNA-seq / 

snRNA-seq) have revolutionized our understanding of cel

lular heterogeneity within complex tissues. Traditional bulk 

RNA-seq averages gene expression across thousands of 

cells, masking the transcriptomic diversity of individual cell 

populations, rare subsets, and transient cell states that drive 

tissue function and disease.1,2

The mammalian cerebellum contains diverse neuronal and 

glial cell types with distinct functional roles in motor coordi

nation, learning, and cognitive processing. Dissecting this 

complexity at single-cell resolution requires methods that 

reliably isolate individual nuclei while preserving the full 

spectrum of cell populations, including rare types compris

ing less than 2% of total nuclei. Single-nuclei approaches 

are particularly well suited for frozen archival tissues where 

intact cell isolation is not feasible.

However, manual sample preparation methods introduce 

variability between operators and experiments, limiting the 

reproducibility of downstream single-cell analyses. Differ

ences in processing time, mechanical disruption force, and 

handling conditions compound across experiments, making 

it difficult to distinguish true biological signals from technical 

artifacts.3

The Singulator™ Platform

The Singulator 100 instrument automates nuclei iso

lation from frozen tissue using a standardized Low 

Volume Nuclei Isolation Protocol. Automated process

ing eliminates operator-to-operator variability, enabling 

reproducible single-nuclei RNA-seq at scale.

The Singulator™ Platform from Precision Cell Systems 

(PCS) addresses these challenges by providing a fully 

automated nuclei isolation workflow. This application note 

demonstrates the platform’s ability to isolate high-quality 

nuclei from frozen mouse cerebellum across three biological 

replicates, yielding consistent sequencing metrics, preserv

ing rare cell populations, and enabling robust downstream 

snRNA-seq analysis with high inter-sample concordance.

Single-nuclei RNA sequencing enables high-resolution transcriptomic profiling of frozen tissue – unlocking the cellular 

complexity and rare populations masked by bulk RNA-seq approaches.

192,721

Nuclei/mg

Average yield

12

Cell Types

Identified by snRNA-seq

≥0.955

Pearson r

Inter-sample concordance

precisioncellsystems.com



PRECISION CELL SYSTEMS PAGE 3

METHODS

Tissue Preparation. Cerebellar hemispheres were dis

sected from three 8-week-old ICR (CD-1) mice and snap 

frozen. Each cerebellum served as an independent biolog

ical replicate.

Nuclei Isolation. Frozen tissue was processed using the 

Singulator 100 instrument (Precision Cell Systems) with the 

Low Volume Nuclei Isolation Protocol V2 and NIC+ cartridge 

with RNase Inhibitor V2. Following dissociation, debris was 

removed using Precision Cell Systems Debris Removal 

Reagents. Nuclei were counted via AO/PI staining on an 

automated cell counter.

Library Preparation. Libraries were prepared using the 

10x Genomics Chromium GEM-X Single Cell 3′ Kit v4 at a 

concentration of 1,000 nuclei/uL, targeting 10,000 nuclei per 

sample.

Sequencing & Analysis. Samples were sequenced on an 

Illumina NovaSeq X Plus at approximately 20,000 reads 

per cell and processed with Cell Ranger v8. Bioinformat

ics analysis included ambient RNA correction (SoupX), 

doublet removal (DoubletFinder), normalization (Seurat v5, 

SCTransform V2), batch integration (Harmony), dimension

ality reduction (UMAP), and clustering at resolution 1.0 with 

marker gene annotation.4,5,6

Figure 1. Experimental design: 6-step workflow – brain dissection, tissue dissociation, single nuclei processing with the Singulator 100, 

snRNA-seq library preparation, expression profiling, and clustering and cell type identification.
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RESULTS

The Singulator Platform Isolates High Yields of Nuclei

Three biological replicates of mouse cerebellum were 

processed using the Singulator™ Platform, yielding an 

average of 192,721 nuclei per milligram of tissue. High-

quality single-nuclei RNA-seq libraries were generated and 

sequenced, producing consistent metrics across all repli

cates (Table 1).

Cells detected per sample ranged from 12,828 to 17,268, 

with median genes per cell exceeding 2,000 and confi

dently mapped reads above 68% for all samples. These 

results demonstrate the platform’s capacity for reliable, high-

throughput nuclei isolation from frozen brain tissue.

Table 1. Sequencing Metrics

Sample Cells De­

tected

Mean 

Reads/Cell

Median 

Genes/Cell

Total 

Genes

Median 

UMI/Cell

Confi­

dently 

Mapped

Cerebellum Sample 1 12,828 17,775 2,137 25,853 5,115 71.4%

Cerebellum Sample 2 17,268 16,221 2,006 26,062 4,550 71.27%

Cerebellum Sample 3 13,457 17,801 2,129 25,510 4,854 68.34%

~13K-17K

Cells Detected

Per replicate

~16K-18K

Reads/Cell

Mean sequencing depth

>68%

Mapped Reads

Confidently mapped

Nuclei Isolated Maintain Cell Type Specific Gene Expression Profiles

High-quality snRNA-seq metrics enabled identification of 12 

major cell types across all three biological replicates. Follow

ing quality control (ambient RNA correction with SoupX and 

doublet removal with DoubletFinder), data were normalized 

using SCTransform V2 and integrated across samples with 

Harmony.4,5

UMAP dimensionality reduction at resolution 1.0 with marker 

gene annotation revealed distinct clusters corresponding to 

known cerebellar cell populations. The diversity of identified 

cell types, including rare populations at less than 2% abun

dance, confirms the platform’s capacity to preserve cellular 

heterogeneity during nuclei isolation.
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The 12 major cell types identified include: Granule cells (the 

most abundant cerebellar population), MLI1 and MLI2 (mol

ecular layer interneurons), Oligodendrocytes, Bergmann 

Glia, Unipolar Brush and Golgi cells, Astrocytes, Microglia 

and Macrophages, Purkinje cells, Purkinje Layer Interneu

rons, Oligodendrocyte Precursor Cells (OPCs), and Fibrob

last/Endothelial cells. Rare cell types comprising less than 

2% of total nuclei were consistently detected across all three 

biological replicates, underscoring the automated platform’s 

ability to preserve low-abundance populations that manual 

methods may lose.

12 Major Cell Types Identified

Granule cells (most abundant), MLI1, Oligodendro

cytes, Bergmann Glia, Unipolar Brush & Golgi cells, 

Astrocytes, MLI2, Microglia & Macrophages, Purkinje 

cells, Purkinje Layer Interneurons, OPCs, and Fibrob

last/Endothelial cells. Rare populations (less than 2% 

total) preserved by automated nuclei isolation.

The UMAP visualization (Figure 2) demonstrates clear sep

aration of all 12 cell type clusters with minimal overlap, 

indicating high-quality data and robust clustering. Even low-

abundance populations such as Purkinje cells and OPCs 

form distinct, well-defined clusters.

Figure 2. UMAP projection of integrated cerebellum nuclei colored by cell type clustering. Twelve major cell types are identified, including 

rare populations comprising less than 2% of total nuclei.
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The Singulator Platform Preserves Cellular Heterogeneity

A key advantage of the Singulator™ Platform is its ability 

to preserve rare cell populations that may be lost during 

manual nuclei isolation. To evaluate this, proportional distri

butions of cell types comprising less than 5% of total nuclei 

were compared between the Singulator Platform (n=3 bio

logical replicates) and a published manual dataset (n=2 

samples).7

The Singulator Platform consistently detected higher pro

portions of rare cell types across all categories, including 

Purkinje cells, Purkinje Layer Interneurons, OPCs, and 

Fibroblast/Endothelial cells. These rare populations are crit

ical for understanding cerebellar circuit function and disease 

mechanisms.

The improved capture of rare cell types reflects the gentle, 

automated processing of the Singulator 100, which mini

mizes cell loss and bias compared to manual methods that 

involve extended handling times and variable mechanical 

disruption.

Figure 3 shows the average proportional distribution of 

cell types below 5% abundance, demonstrating the Singu

lator Platform’s superior performance for preserving cellular 

heterogeneity. This capability is particularly important for 

studies targeting low-abundance neuronal populations in 

complex brain tissues.

The Singulator Platform detected rare cell populations at higher proportions than published manual isolation methods, 

preserving full cellular heterogeneity of the mouse cerebellum.

Figure 3. Average proportional distribution of cell types comprising less than 5% of total nuclei comparing a published manual dataset 

(n=2) versus the Singulator Platform (n=3).
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The Singulator Platform is Highly Reproducible and Precise Across Biological Replicates

To assess the reproducibility of the Singulator™ Platform, 

quality metrics were compared across three independent 

biological replicates. After downsampling to normalize se

quencing depth, median UMI counts per cell were 4,484, 

4,215, and 4,303 across the three samples, demonstrating 

minimal variability.

Similarly, median genes detected per cell were 1,965, 1,907, 

and 1,967, confirming consistent library complexity across 

replicates. The narrow range of these core sequencing met

rics reflects the precision of the automated nuclei isolation 

workflow.

Mitochondrial read percentages remained below 1% for all 

three samples, indicating high-quality nuclei with minimal 

cytoplasmic contamination. Low mitochondrial content is a 

hallmark of successful nuclei isolation and is critical for 

accurate transcriptomic profiling.

Figure 4 displays violin plots of UMI counts, gene counts, 

and mitochondrial percentage across the three biological 

replicates, illustrating the consistent distributions achieved 

by the Singulator Platform. The overlapping distributions 

confirm that automated processing produces highly repro

ducible snRNA-seq data.

<1%

Mitochondrial Reads

All samples

~4,334

Median UMI/Cell

Avg across replicates

~1,946

Median Genes/Cell

Avg across replicates

Consistent UMI and gene counts across three independent biological replicates demonstrate the high precision and 

reproducibility of the Singulator Platform for snRNA-seq applications.

Figure 4A. UMI count per cell across 3 bio

logical replicates.

Figure 4B. Gene count per cell across 3 

biological replicates.

Figure 4C. Mitochondrial percentage per 

cell across 3 biological replicates.
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Overlapping UMAP Clusters Confirm Reproducibility

Figure 5. Integrated UMAP of biological replicates colored 

by sample. Overlapping clusters from three samples confirm 

reproducibility of nuclei isolation and library preparation.

To further confirm reproducibility, UMAP projections were gen

erated with nuclei colored by sample of origin. The integrated 

UMAP (Figure 5) demonstrates extensive overlap among all 

three biological replicates, with nuclei from each sample dis

tributed uniformly across all 12 cell type clusters.

This overlap confirms that the Singulator™ Platform produces 

consistent nuclei isolation outcomes regardless of biological 

variability between samples. All major and rare cell populations 

are represented in each replicate at comparable proportions.

The proportional distribution of rare cell types across samples 

(Figure 6) provides additional quantitative evidence of repro

ducibility. Consistent proportions across replicates confirm that 

automated processing does not introduce sampling bias for 

low-abundance populations.

Figure 6. Proportional distribution of rare cell types across three cerebellum samples. Consistent proportions across replicates demon

strate reproducible identification of low-abundance populations.
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High Concordance Between Biological Replicates

To quantitatively assess the consistency of gene expression 

profiles across biological replicates, pseudo-bulk Pearson 

correlation analyses were performed for all pairwise sam

ple comparisons. The results demonstrate exceptionally 

high concordance, with Pearson correlation coefficients of 

r=0.960 (Sample 1 vs. Sample 2), r=0.955 (Sample 1 vs. 

Sample 3), and r=0.986 (Sample 2 vs. Sample 3).

These correlations confirm that the Singulator™ Platform 

produces highly consistent transcriptomic profiles across 

independent biological replicates, enabling reliable down

stream analyses including differential expression and trajec

tory inference.

The high concordance observed across all pairwise compar

isons indicates that biological variability, rather than techni

cal noise from sample processing, is the primary source 

of differences between replicates. This level of technical 

reproducibility is essential for studies that require quantita

tive comparisons of gene expression across conditions, time 

points, or treatment groups.

Figure 7 displays scatter plots of pseudo-bulk gene expres

sion for each pairwise comparison. The tight clustering along 

the diagonal in all three comparisons visually confirms the 

quantitative Pearson correlation results and demonstrates 

the Singulator Platform’s suitability for reproducible tran

scriptomic studies.

r = 0.960

Sample 1 vs 2

Pearson correlation

r = 0.955

Sample 1 vs 3

Pearson correlation

r = 0.986

Sample 2 vs 3

Pearson correlation

Figure 7A. Sample 1 vs Sample 2 (Pearson 

r=0.960).

Figure 7B. Sample 1 vs Sample 3 (Pearson 

r=0.955).

Figure 7C. Sample 2 vs Sample 3 (Pearson 

r=0.986).
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CONCLUSION

This application note demonstrates that the Singulator™ Platform from Precision Cell Systems delivers reproducible, precise 

nuclei isolation from frozen mouse cerebellum for single-nuclei RNA sequencing. Key findings include:

• High Nuclei Yields – Average of 192,721 nuclei per milligram of tissue across three biological replicates, providing ample 

material for downstream library preparation.

• Consistent Sequencing Metrics – Cells detected (12,828-17,268), median genes per cell (>2,000), and confidently 

mapped reads (>68%) were highly consistent across replicates.

• 12 Major Cell Types Identified – UMAP clustering at resolution 1.0 identified all expected cerebellar cell populations, 

including rare types comprising less than 2% of total nuclei.

• Superior Rare Cell Preservation – The Singulator Platform outperformed published manual isolation methods in 

detecting rare cell populations, preserving full cellular heterogeneity.

• High Reproducibility – Consistent UMI counts, gene counts, and mitochondrial percentages across replicates, with 

Pearson correlations ≥ 0.955 for all pairwise comparisons.

The Singulator Platform’s automated, standardized workflow eliminates the operator-dependent variability inherent in 

manual nuclei isolation, enabling reliable snRNA-seq experiments at scale. These results support the platform as an effective 

solution for researchers requiring consistent, high-quality single-nuclei data from frozen tissue specimens.
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