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RESEARCH SPOTLIGHT  

Optimizing Nuclei Isolation for Reliable snRNA-seq: 

A Comparative Study Validates the SingulatorTM 

Platform 

 

Abstract 

Single-nucleus RNA sequencing (snRNA-seq) has become a cornerstone of transcriptomic profiling in 

frozen, archived, and otherwise difficult-to-dissociate tissue types, including brain. However, the 

accuracy and reproducibility of snRNA-seq data are strongly influenced by the upstream nuclei 

isolation method. A recent independent study from Indiana University compared three commonly 

used nuclei isolation protocols for brain tissue, S2 Genomics' Singulator™, manual isolation, and 

column-based approaches. It was found that the automated method utilizing S2 Genomics' 

Singulator™ was the highest performing across key metrics including nuclei integrity, RNA 

contamination, and transcriptional fidelity. These findings reinforce the critical role of the 

Singulator™ platform for providing standardized, automated sample prep to enable high-quality 

single-nucleus genomics.  
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Figure 1. Overview of nuclei isolation methods. 

Graphical abstract depicting the workflow of each 

method and highlighting potential contaminants, 

including mitochondria, ribosomes, and ambient 

RNA, which can be captured in droplet-based 

sequencing depending on the isolation approach. 

Methods 

Researchers at Indiana University evaluated 

three distinct methods (Figure 1) for isolating 

nuclei from frozen mouse cortical tissue: 

• Manual homogenization + sucrose 

gradient centrifugation (Centrifuge 

Method) 

• Spin column-based method (Column 

Method - 10x Genomics Nuclei 

Isolation Kit) 

• Machine-assisted method (Machine 

Method - S2 Genomics Singulator™) 

Each method (n=2) was assessed for nuclei yield, integrity, sample-to-sample consistency, and 

contamination. Downstream snRNA-seq was performed using the 10x Genomics Chromium 

platform, and sequencing data were analyzed for cell type diversity, doublets, and transcriptional 

quality metrics. Clusters were annotated using the single-cell Mouse Cell Atlas (smMCA) and further 

refined with PanglaoDB. 

 

 

 

 

 

 

Highlights 

Highest Nuclei Integrity: The Singulator yielded ~100% intact nuclei, 

outperforming sucrose (~85%) and column-based (~35%) methods. 

Lowest RNA Contamination: Singulator-prepared samples had the 

lowest ambient RNA and mitochondrial contamination (<0.5%). 

Improved Microglial Fidelity: The machine-assisted method 

preserved homeostatic microglial signatures, avoiding artificial 

activation states seen in manual and column-based methods. 

Reproducible Results: Lower sample-to-sample variability in doublet 

rate and QC metrics using the Singulator. 
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Figure 2. Nuclei yield and integrity. 

Representative images of trypan blue-stained nuclei demonstrating 

the morphology and quality of nuclei obtained from the (A) 

centrifugation-based (Cent.), (B) column-based (Col.) and (C) machine-

assisted (Mach.) isolation methods. The scale bar represents 250 

microns. (D) The total number of nuclei recovered from each method, 

as quantified using the Countess Automated Cell Counter, reveals 

differences in yield among the protocols. (E) From the total nuclei 

population isolation, the proportion of structurally intact nuclei 

recovered from each method. Error bars represent standard 

deviation. 

 

 

Results 

Superior Nuclei Integrity 

While obtaining similar total nuclei to the centrifugation method, more than the column-based 

method, the Singulator achieved nearly 100% intact nuclei recovery (Figure 2). This is a substantial 

improvement over the 85% and 35% integrity rates seen in the manual and column-based methods, 

respectively. This is critical for maximizing data quality and sequencing efficiency. 

 

Consistency Across Samples and Lowest Contamination Levels 

Sample-to-sample reproducibility is essential for multi-condition or multi-sample experiments. The 

Singulator showed consistent yield, integrity, and QC metrics across replicates, reducing batch 

effects and technical artifacts (Figure 4). The Singulator produced samples with the lowest 

mitochondrial-derived reads and ribosomal reads of the three methods. In contrast, column-based 

samples showed significantly higher contamination levels, and manual methods exhibited greater 

variability.  

“The results indicate that the machine-assisted method yielded nuclei preparations with high consistency between samples and low 

contamination levels, whereas the column-based and centrifugation-based methods presented greater sample-to-sample variability 

and elevated contamination levels.” -Kersey et al., 2025 

 

 

  

Figure 3. Differences in Quality Control 

Metrics Among Isolation Protocols. 

(A) The percentage of nuclei identified as doublets 

for each sample using DoubletFinder, representing 

the proportion of doublets relative to the total 

number of captured nuclei. (B) The contamination 

fraction as reported by Rho value, an indicator of 

ambient RNA contamination, for each sample using 

SoupX. (C) Violin plot of Malat1, a marker of nuclear 

integrity, expression for each sample. The line 

represents the median expression. The mean 

percentage of (D) mitochondrial-derived reads and 

(E) ribosomal-derived reads in each cell type per 

isolation method. Error bars represent standard 

deviation. Color represents the isolation method 

(centrifugation-based=Cent., column-based=Col., 

machine-assisted=Mach.). 
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Preservation of Transcriptomic Profiles 

In brain tissue, preserving the transcriptional identity of sensitive populations like microglia and 

astrocytes is especially important. The Singulator preserved strong and consistent expression of 

canonical homeostatic microglial markers (e.g., C1qa, Hexb, Tmem119) while minimizing artifactual 

activation of disease-associated microglial (DAM) signatures. Similarly, expression of homeostatic 

oligodendrocyte markers (Plp1, Mbp) in microglial populations was minimal and uniform in machine-

processed samples compared to the centrifugation and column-based methods. UCell scoring 

further confirmed that the Singulator maintained the highest median summary scores for 

homeostatic astrocyte, microglia, and oligodendrocyte states, while showing the lowest activation of 

disease-associated microglia signatures. Together, these results underscore the Singulator’s ability 

to preserve native transcriptional identities and avoid spurious activation artifacts introduced by 

manual or column-based methods. 

“The machine-assisted method preserved the strongest expression of homeostatic microglial markers and the most accurate 

representation of their transcriptional signatures… both the centrifugation- and column-based methods resulted in elevated 

DAM signatures, suggesting that technical artifacts, rather than true biological signals, may drive these transcriptional 

changes.”  

— Kersey et al., 2025 

 

 

 

 

 

Figure 4. Method-specific variations in glial gene 

expression. 

(A) Dotplot of identified microglia marker gene 

expression compared to glial cell type annotations 

in the Panglao database. The size of the dots 

represents the proportion of microglia marker 

genes expressed within each glial cell type. The 

shading of dots represents the -log10(pvalue) of the 

marker gene expression in the glial cell type and the 

color of dots represents if the expression is 

significant (green) or not significant (black) 

determined by Fisher’s exact test. Violin plots of 

expression level of canonical microglia markers, (B) 

C1qa, (C) Hexb, (D) Siglech, and (E) Tmem119, as 

well as oligodendrocyte markers, (F) Plp1 and (G) 

Mbp, and satellite glia markers, (H) Glul and (I) 

Ptgds, within the identified microglia population. 

The line represents the median expression level. 

UCell summary scoring of cell states, including (J) 

homeostatic astrocyte, (K) disease-associated 

astrocyte, (L) homeostatic microglia, (M) disease-

associated microglia, and (N) homeostatic 

oligodendrocyte, within their respective cell type 

population. Dots represent the median summary 

score. Color represents the isolation method 

(centrifugation-based=Cent., column-based=Col., 

machine-assisted=Mach.). 
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Why Automation Matters 

Automated nuclei isolation with the Singulator eliminates user-to-user variability, reduces hands-on 

time, and standardizes sample prep. The result is more reproducible and biologically accurate 

snRNA-seq data, even from challenging samples like postmortem or frozen brain tissue. 

Implications for Research and Discovery 

Inaccurate cell-type representation or ambient RNA contamination can distort downstream analyses 

such as clustering, trajectory inference, and differential expression. For researchers studying 

complex tissues, automation in sample prep isn’t just a convenience—it’s a safeguard against false 

biological conclusions. 

Conclusion 

The independent study from Indiana University validates the Singulator™ as a superior method for 

nuclei isolation from brain tissue, enabling higher integrity, lower contamination, and improved 

reproducibility in snRNA-seq experiments. For any lab seeking to standardize and scale single-

nucleus workflows while preserving transcriptional fidelity, the Singulator offers a proven, turnkey 

solution. 

Learn More 

To discuss how the Singulator can enhance your single-nucleus workflows, visit: 

www.s2genomics.com.  
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