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INTRODUCTION & EXPERIMENTAL DESIGN
The isolation of high-quality nuclei from formalin-fixed paraffin-embedded (FFPE) tissues is a critical
step for successful single-nuclei RNA sequencing (snRNA-seq), especially in complex and
heterogeneous tumor microenvironments like pancreatic ductal adenocarcinoma (PDAC). In this
study, we compare the automated Singulator™ 200+ Platform with the manual Miltenyi workflow for
nuclei isolation from FFPE mouse PDAC tissues using the 10x Genomics™ Single-Cell Gene
Expression Flex Assay. Our results show that the Singulator workflow reduces preparation time by
half, automates deparaffinization and rehydration steps, and significantly improves nuclei recovery.
Additionally, it provides greater representation of key cell populations compared to manual workflows.

Single-nuclei RNA sequencing (snRNA-seq) has become a powerful tool for studying complex tissues at 
a cellular resolution, enabling detailed transcriptomic analysis of diverse cell populations within tumors. 
For PDAC – a highly heterogeneous and aggressive cancer – understanding the tumor 
microenvironment is crucial for developing targeted therapies.

FFPE tissues are a valuable resource; however, the difficulty in processing these samples complicates 
their investigation. Traditionally, manual workflows such as the Miltenyi-based protocol have been used. 
These manual workflows require enzyme digestion and labor-intensive deparaffinization with toxic solvents.

"The Singulator workflow reduces preparation time by half"

The Singulator 200+ Platform offers an automated alternative for nuclei isolation, designed to streamline 
the workflow, improve reproducibility, and enable users to process FFPE samples efficiently.

In this application note, we compare the two approaches for isolating nuclei from FFPE mouse PDAC.

01 | FFPE TISSUE PREPARATION
FFPE tissue was rehydrated and sliced into 50 μm thick curls. Two sections from the same
mouse PDAC block were used for each workflow (Singulator and manual Miltenyi), processed in duplicate
(n=4).

FIGURE 1: EXPERIMENTAL DESIGN DIAGRAM

Figure 1. Experimental Design.
Nuclei were isolated from FFPE mouse PDAC samples using both Singulator and manual Miltenyi workflows.
10,000 nuclei were targeted with 10x Genomics Flex Assay. Data analyzed with Cell Ranger v8 and Seurat v5.
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METHODS: PROTOCOLS & EFFICIENCY

MANUAL MILTENYI PREP

Reference Protocol:
10x Genomics CG000632

1. Deparaffinization (Chemical Hood):
• Incubate curls in 2 mL Citrisolv
(10 minutes x 3 cycles).
• Requires fume hood handling.

2. Manual Rehydration:
• Ethanol series: 100% (x2), 70%,
50%, 30% (30 sec each).
• Final rinse in PBS.

3. Digestion:
• 45 minute in 1mg/mL Liberase.
• Miltenyi OctoMACS program
37C_FFPE_1.

Total Time: ~2 Hours

Challenges:
• Requires enzyme digestion
• Labor-intensive deparaffinization
• Toxic solvent exposure
• Introduces operator variability

SINGULATOR 200+ PREP

Automated Protocol:
Pre-installed S200+ FFPE Nuclei Isolation

1. Automated Deparaffinization & Rehydration:
• 50 µm curl added to FFPE cartridge.
• Uses safe, proprietary solvent (No fume hood) for 
  deparaffinization.
• Auto-rehydration (EtOH series) +
PBS rinse (40 mins).

2. Cartridge Transfer:
• Transfer tissue to NIC+ cartridge.
• Add 75µL RNase Inhibitor V2.

3. Automated Dissociation:
• Onboard Nuclei Reagents.
• 19 minute FFPE Nuclei Isolation protocol.

Total Time: ~1 Hour

Advantages:
• Fully automated workflow
• No toxic solvents (CitriSolv)
• Reproducible cartridge system
• Faster turnaround time

02 | WORKFLOW EFFICIENCY RESULTS
The automated Singulator workflow demonstrated significant time savings compared to the manual Miltenyi workflow. 

81%
REDUCTION IN HANDS-ON TIME

(Miltenyi: 25 minutes vs. Singulator: <5 minutes)

86%
REDUCTION IN PIPETTING STEPS
(Miltenyi: 28 steps vs. Singulator: 4 steps)

precisioncellsystems.com



PRECISION CELL SYSTEMS PAGE 03

RESULTS: NUCLEI YIELD & QUALITY

03 | NUCLEI YIELD & SEQUENCING QUALITY
Both workflows resulted in successful nuclei isolation. However, the Singulator produced more
consistent and reproducible yields across replicates (1.0 million vs 1.5 million/0.4 million).
Sequencing metrics for all four samples show consistent genes and UMI counts per cell.

Table 1: SEQUENCING METRICS DATA

Sample Mean Reads/Cell Median Genes/Cell Median UMI/Cell

S2 Sample 1 21,213 1,438 2,204

S2 Sample 2 32,590 1,341 2,036

Miltenyi Sample 1 13,653 1,209 1,844

Miltenyi Sample 2 29,123 1,456 2,245

Figure 2. Sequencing metrics
Violin plots detailing consistent results for genes and UMIs at similar read depths. 
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04 | CELL TYPE REPRESENTATION
UMAP and cluster analysis of the single-nuclei RNA-seq data 
revealed key differences in cell type representation between the
two workflows. Cell types were identified based on marker genes from 
established literature.
The Singulator workflow exhibited higher proportions of ductal cancer 
cells and CAFs, which are critical for studying the PDAC
tumor microenvironment. In contrast, the manual Miltenyi workflow 
produced a greater proportion of immune cells,
particularly neutrophils. This suggests the automated Singulator 
workflow better preserves fragile or embedded cell types
prone to loss during manual enzymatic digestion.

Figure 3. Integrated UMAP.
UMAP plot showing snRNA-seq data from FFPE mouse PDAC tumor
 samples processed by the Singulator workflow. Clustering reveals 
distinct populations of cancer cells, CAFs, immune cells, and endothelial 
cells.

RESULTS: CELL DIVERSITY & RECOVERY
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FIGURE 6: CELL TYPE PROPORTIONS

Figure 4. Cell Type Proportions.
Relative proportions of major cell types. Singulator samples show enrichment of ductal cancer cells and fibroblasts, while Miltenyi samples are skewed toward
immune cells (neutrophils).

TUMOR MICROENVIRONMENT (TME) IMPACT
CAFs are key components of the TME, driving tumor growth, angiogenesis, invasion, and metastasis.
The increased population of CAFs isolated by the Singulator enhances the likelihood of uncovering

key mechanisms driving tumor heterogeneity, pathogenesis, and treatment resistance.
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05 | CELL TYPE CONTENT

For most tissues, snRNA-seq is more effective at
recovering attached cell types, whereas scRNA-seq
is biased towards immune cells.
The Singulator workflow isolates an increased
number of cells of interest, including attached
cell types such as cancer cells, cancer associated
fibroblasts (CAFs), endothelial and perivascular
cells, compared to the manual Miltenyi workflow.

TUMOR MICROENVIRONMENT (TME)

CAFs are key components of the TME, driving
tumor growth, angiogenesis, invasion, and
metastasis. The increased population of CAFs
isolated by the Singulator enhances the likelihood
of uncovering key mechanisms driving tumor
heterogeneity, pathogenesis, and treatment
resistance.

RESULTS: REPRODUCIBILITY & PURITY
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Figure 5. Cell Type Proportion Graph.
Relative proportions of major cell types. Singulator samples show enrichment of
ductal cancer cells and fibroblasts, while Miltenyi samples are skewed toward immune cells (neutrophils).

DATA PURITY
High erythrocyte levels can obscure
useful gene expression data.
The Singulator workflow demonstrated
superior sample purity.

MANUAL PREP

5%
Erythrocyte Contamination

SINGULATOR PREP

1%
Erythrocyte Contamination

CONCLUSION
The Singulator 200+ Platform offers a faster, more reproducible, and automated approach for
isolating nuclei from FFPE tissues compared to manual methods. By reducing manual handling
and variability, the Singulator simultaneously improves workflow efficiency while also enhancing
the quality and diversity of isolated cell types, making it an ideal solution for high-throughput
snRNA-seq workflows in complex tumor microenvironments.

AUTOMATION
Reduces hands-on time by 81%
and pipetting steps by 86%.

QUALITY
Enriches for critical TME cells
like CAFs and ductal cells.

PURITY
Superior sample purity with
only 1% erythrocyte contamination.
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