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Single-nucleus RNA sequencing 
dataset of diverse tissues from 
wild-type monkey and Tau-P301L 
transgenic monkey
Bofeng Han, Yan Chen, Weijie Ouyang, Danyi Chen, Jiawei Li, Weien Liang, Xudong Zhang, 
Chengxi Wei, Ling Liu, Sen Yan ✉ & Zhuchi Tu ✉

Utilizing non-human primates to study the role of human Tau and its related pathologies is logical and 
important due to their closer similarity to human brain structure and function. In our earlier research, 
we generated a transgenic cynomolgus monkey model expressing Tau (P301L) through lentiviral 
infection of monkey embryos. These monkeys exhibited age-dependent neurodegeneration and motor 
dysfunction. Single-nucleus RNA sequencing (snRNA-seq) is a powerful and promising technique 
for elucidating the cellular complexity and pathology across different tissues. However, single-cell 
data from non-human primate models of Tau pathology are currently nonexistent. In this study, we 
performed snRNA-seq on the hippocampus, striatum, and spinal cord of Tau (P301L) monkey, providing 
the first snRNA-seq atlas of multiple tissue regions in a non-human primate model that simulates 
human tauopathies. This will offer crucial data references for cross-species single-cell level studies of tau 
and its related pathologies.

Background & Summary
Tauopathies are a category of neurodegenerative disorders, which are characterized by the dysfunction of 
tau and the consequent accumulation of its insoluble aggregates within the brain, as observed at autopsy1,2. 
Alzheimer’s disease (AD) and primary tauopathies (such as progressive supranuclear palsy [PSP] and fronto-
temporal dementia due to tauopathy [FTD]), are marked by progressive neurodegeneration3,4. The pathological 
burden of tau, in particular, has been shown to be closely linked to the severity of neurodegenerative pathologies 
and their associated clinical symptoms, thus rendering it a focal point in the development of new therapeutic 
interventions5–7.

To study tauopathies, particularly AD, researchers have developed various animal models to investigate their 
pathogenic mechanisms and explore potential therapeutic strategies. These models are crucial for understanding 
the complex biology of tau protein and its role in neurodegenerative diseases. The P301S Tau transgenic mouse 
model has been widely used to study tau pathology and its progression, offering insights into tau aggregation 
and neurofibrillary tangle formation8–10. Additionally, mouse models expressing a truncated tau form (Tau35) 
have emphasized the role of post-translational modifications in tau pathology1,11. While rodent models have 
been pivotal in advancing our mechanistic understanding of AD pathogenesis, their translational utility for 
clinical drug development has been largely disappointing12. A key limitation stems from profound interspecies 
divergences in genomic architecture, cellular metabolism, and neuroimmune responses, ultimately restricting 
their capacity to recapitulate the multidimensional complexity of human AD pathology13–17.

In view of the limitations inherent to mouse models, researchers have developed a series of non-human 
primate models that effectively mimic tau pathology observed in human AD patients. The vast majority of these 
models were created by stereotaxically injecting adeno-associated virus (AAV) into the brains of non-human 
primates to overexpress certain tau mutant forms, thereby inducing tau pathology13,18,19. In this context, our 
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team has pioneered the development of a transgenic monkey model expressing Tau-P301L. This model effec-
tively replicates tau pathology observed in AD patients and demonstrates progressive neurodegeneration20.

snRNA-seq is an advanced technology that provides deep insights into cellular transcript diversity and com-
plexity. It enables the identification and characterization of various cell types within an organ or tissue, revealing 
their composition and functions. Current single-cell research in animal models of AD, especially those with tau 
pathology, mainly focuses on mice, with limited data from larger animals21,22.

In the present study, we employed 10x Genomics snRNA-seq to elucidate the cellular composition of multiple 
tissues, including the hippocampus, striatum, and spinal cord, in Tau-P301L transgenic monkey and wild-type 
control. The generation of snRNA-seq data encompassing 53,491 cells was successfully achieved. Following a 
rigorous process of quality control, a single-cell atlas was established. The atlas under consideration is composed 
of 36,623 cells, all of which are of a high quality.

While conventional research on AD has predominantly concentrated on the hippocampus, the spinal cord 
represents a critical yet historically underappreciated component of the AD pathological landscape. Compelling 
evidence from current literature indicates that the core pathological hallmarks of AD—specifically amyloid-beta 
deposition and Tau neurofibrillary tangles—are not confined to the brain but extensively involve the spinal 
cord23–25. Underscoring the significance of spinal cord investigation is essential; it not only elucidates the ana-
tomical basis for the gait abnormalities, balance deficits, and motor dysfunction observed in patients prior to 
cognitive decline, but also advocates for redefining AD as a systemic disorder affecting the entire central nervous 
system26. Consequently, we have expanded our snRNA-seq dataset derived from the TauP301L macaque model 
to explicitly include spinal cord samples.

This represents the first snRNA-seq data from a non-human primate transgenic monkey model for AD. This 
data is crucial for future AD research, as it enables the investigation of similarities and differences in cellular 
pathological processes across AD animal models at various species levels. It provides new opportunities for 
deciphering cellular alterations during AD progression, particularly in the context of tau pathology.

Methods
Animal.  All animal procedures were approved by the Institutional Animal Care and Use Committee (IACUC) 
at Yuanxi Biotech Inc., Guangzhou. The Tau-P301L transgenic monkeys, along with age- and gender-matched 
healthy control cynomolgus monkeys, were housed and behaviorally evaluated at Guangdong Landau 
Biotechnology Co. Ltd., an AAALAC-accredited facility. All animal-related protocols received prior approval 
from the IACUCs of both Guangdong Landau Biotechnology Co. Ltd. and Jinan University. This study was con-
ducted in strict compliance with the “Guide for the Care and Use of Laboratory Animals (2011)” to ensure the 
welfare of the animals and the safety of personnel. The health and behavior of the monkeys were monitored daily 
by the husbandry staff and veterinarians.

Animals designated for tissue sampling were euthanized via intravenous administration of pentobarbital 
sodium, consistent with the AVMA Guidelines for the Euthanasia of Animals (2020). Vital signs were monitored 
until cessation, followed by immediate tissue harvest for snRNA-seq processing.

Tissue dissociation and preparation of single-cell suspensions.  Approximately 500 mg of 
fresh-frozen tissue was dissected from the striatum, hippocampus, and spinal cord of transgenic monkey (Tau 
P301L) and wild-type control using sterile disposable surgical blades on dry ice (Table 1). Tissues were weighed 
and transferred to cold Dounce homogenizers containing ice-cold homogenization buffer (0.25 M sucrose, 5 mM 
CaCl₂, 3 mM MgAc₂, 10 mM Tris-HCl pH 8.0, 0.1 mM EDTA, 1 × protease inhibitors, 1 U/μL Ribolock RNase 
inhibitor). Homogenization was performed with 10 strokes using the loose (A) pestle followed by 10 strokes with 
the tight (B) pestle. The homogenate was filtered through a 70-μm cell strainer to remove debris.

Nuclei were purified by density gradient centrifugation. Filtered homogenate was mixed 1:1 with 50% 
iodixanol and layered over a 30–33% iodixanol cushion, then centrifuged at 10,000 × g for 20 min at 4 °C. After 
removing the myelin layer, nuclei were collected from the 30–33% iodixanol interface. The nuclear pellet was 
washed in nuclear resuspension buffer (phosphate buffer containing 0.04% BSA, 0.2 U/μL Ribolock RNase 
inhibitor, 500 mM mannitol, 0.1 mM PMSF) and centrifuged at 500 × g for 5 min at 4 °C.

Nuclei were quantified by trypan blue exclusion using a hemocytometer. Final suspensions were adjusted to 
700–1200 nuclei/μL in resuspension buffer and immediately processed for 10x Genomics Chromium single-cell 
library preparation.

Sample_id Tissue Genotype Age
Cell Count (Post-
QC & Pre-scrublet)

Predicted 
Doublets

Doublet 
Rate (%)

Tau_HIP Hippocampus Tau 4 years 2611 35 0.0134048

Tau_STR Striatum Tau 4 years 4183 136 0.0325126

Tau_SP Spinal cord Tau 4 years 17923 986 0.0550131

WT_HIP Hippocampus WT 4 years 3783 96 0.0253767

WT_STR Striatum WT 4 years 2595 56 0.02158

WT_SP Spinal cord WT 4 years 5528 158 0.0285818

Table 1.  Sample metadata and doublet detection results for Tau-P301L and wild-type monkeys.
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Chromium 10x genomics library and sequencing.  The Illumina NovaSeq PE150 sequencing strat-
egy was utilised to generate one lane of sequencing data, yielding approximately 120 gigabytes of raw data. The 
raw image files from high-throughput sequencing were processed using CASAVA for base calling, resulting in 
sequenced reads stored in FASTQ format. FASTQ is a prevalent text format for the storage of biological sequences 
alongside their corresponding quality scores. In data generated by the Illumina NovaSeq PE150 platform, both 
paired-end reads are 150 base pairs (bp) in length. For 10X Genomics libraries, the first 26 base pairs of read 1 
contain cell barcode and UMI (unique molecular identifier) information, which is crucial for distinguishing the 
origin of read 2. It is considered that the bases following the initial 26 base pairs in read 1 are non-informative. In 
read 291 bp are regarded as informative data.

Barcode assignment, Unique Molecular Identifier (UMI) counting, and alignment.  For initial 
data processing, we employed the standard 10x Genomics Cell Ranger pipeline with default settings for prelimi-
nary analyses. This process encompassed quality control of the FASTQ files, alignment to a customized medaka 
reference genome using STAR, demultiplexing of cellular barcodes, and UMI counting. Tables 2, 3 summarize the 
quality control metrics and output generated by Cell Ranger. The snRNA-seq data were mapped to the Ensembl 
genome of the crab-eating macaque (Macaca fascicularis, version 5.0).

WT hippocampus WT striatum WT spinal cord Tau hippocampus Tau striatum Tau spinal cord

Number of reads 475,631,560 402,413,162 408,471,443 484,683,698 465,696,069 506,997,782

Q30 bases in UMI reads 98.0% 97.5% 92.9% 98.2% 97.9% 93.6%

Valid barcodes 94.0% 95.4% 97.8% 95.1% 96.1% 97.7%

Q30 bases in barcodes 98.0% 97.9% 93.9% 98.2% 98.0% 96.2%

Q30 bases in RNA reads 93.6% 90.0% 92.9% 94.5% 93.9% 95.3%

Reads mapped to genome 95.3% 95.0% 93.2% 95.8% 96.0% 93.8%

Reads Mapped Confidently to Transcriptome 44.2% 43.9% 56.7% 45.6% 46.0% 56.7%

Reads mapped confidently to genome 88.4% 89.2% 89.7% 88.4% 90.0% 89.8%

Table 2.  Detailed QC of FASTQ files.

WT hippocampus WT striatum WT spinal cord Tau hippocampus Tau striatum Tau spinal cord

Estimated numbers of cells 8,330 4,923 6,323 6,801 8,131 18,983

Mean reads per cell 57,098 81,741 64,601 71,266 57,274 26,708

Fraction of reads in cells 82.1% 77.9% 90.1% 80.1% 84.9% 80.8%

Median genes per cell 806 1,104 2,197 862 871 1,949

Total Genes Detected 18,986 19,255 19,615 18,511 19,110 20,194

Median UMI counts per cell 1,636 2,442 5,653 1,795 1,842 3,875

Sequencing saturation 88.8% 88.9% 77.0% 90.7% 89.4% 56.2%

Table 3.  Sequencing statistics based on cells.

Transgene

FlagPrp Promoter Human Tau P301L

Spinal cord
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lsolation of cells Bioinformatics analysisSingle nucleus sequencingAnimal model construction

a

Fig. 1  Single-nucleus transcriptomic profiling workflow. (a) Four-year-old TauP301L transgenic monkeys 
and age-matched wild-type (WT) controls were euthanized, and tissues (hippocampus, striatum, spinal cord) 
were collected. Nuclear isolation for snRNA-seq were prepared and subjected to snRNA-seq. Subsequent 
bioinformatic analyses included cell type identification.
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Cell quality control.  The output from Cell Ranger was imported into Scanpy27 for further dimensionality 
reduction, clustering, and analysis of the snRNA-seq data.
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Fig. 2  Single-nucleus transcriptomic atlas and cellular composition analysis of the Tau-P301L monkey model. 
(a) The UMAP visualization of the cell clusters reveals a total of 13 distinct clusters following the clustering 
process, with the quantity of each cell type indicated on the right. The number of nuclei recovered for each 
cell type is indicated in the legend. (b) A stacked bar chart illustrating the proportion of various cell types in 
Tau transgenic monkey tissues in comparison to WT control tissues. (c) The dotplot shows marker genes in all 
clusters. Dot size represents the percentage of cells expressing the marker, and color intensity represents the 
average expression level. (d) Using the R package named ROGUE, check whether the given clustering is a pure 
cell group. High ROGUE scores indicate high purity and low heterogeneity within the identified cell clusters.
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In the preliminary processing of snRNA-seq data, we implemented a series of stringent quality control meas-
ures to ensure high data quality and reliability. The specific filtering steps are as follows:

	 1.	 Filtering Cells with Fewer than 200 Genes: Low-quality cells expressing fewer than 200 genes were 
removed.

	 2.	 Filtering Potential Doublets: Cells expressing more than 6000 genes were excluded, as these are likely dou-
blets (two cells captured together).

	 3.	 Filtering Lowly Expressed Genes: Genes expressed in fewer than three cells were removed to minimize 
technical noise.

	 4.	 Filtering Cells with Low Total Counts: Cells with fewer than 500 total counts were excluded to ensure 
sufficient transcript counts for analysis.

	 5.	 Filtering High-count Outliers: Cells exhibiting total counts surpassing the 97th percentile were excluded from 
the analysis, as these cells could potentially represent doublets or possess anomalously elevated mRNA levels.

	 6.	 Filtering Cells with High Mitochondrial Gene Proportions: Cells with mitochondrial gene proportions 
exceeding 15% were excluded, as these might be dead or dying cells.

a

Fig. 3  Identification of cell type-specific transcriptional signatures. (a) Top 20 marker genes identified for each 
distinct cell type.
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	 7.	 Filtering Cells with High Hemoglobin Gene Proportions: Cells with hemoglobin gene proportions exceed-
ing 3% were filtered out to avoid interference from blood cells.

	 8.	 Filtering Cells with High Ribosomal Gene Proportions: Cells with ribosomal gene proportions exceeding 
10% were removed to reduce ribosomal RNA interference.

Fig. 4  Differential gene expression profiles in hippocampal and striatal glia of Tau-P301L monkeys. Volcano 
plots showing snRNA-seq differential expression (Tau-P301L vs WT). The x-axis is the change in the fraction 
of cells expressing each gene (Δpct = pct Tau-P301L – pct WT) and the y-axis is log2 fold change. Genes with 
FDR < 0.05 and |log2FC| > 0.25 are labeled; upregulated genes are pink and downregulated genes are blue. 
Panels: (a) hippocampal astrocytes; (b) hippocampal Microglia_1 subtype; (c) hippocampal oligodendrocytes; 
(d) striatal astrocytes; (e) striatal Microglia_1 subtype; (f) striatal oligodendrocytes.
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After completing all filtering steps, we obtained a high-quality snRNA-seq dataset. The final dataset consists 
of 36,623 cells and 20,683 genes, with an average mitochondrial gene proportion of 1.72% and an average gene 
count of 1,635 per cell.

Fig. 5  Transcriptional landscape of spinal cord glia and cross-regional heterogeneity in the Tau transgenic 
monkey model. (a) DEGs in spinal cord astrocytes. (b) DEGs in spinal cord Microglia_1 subtype. (c) DEGs in 
spinal cord Microglia_2 subtype. (d) DEGs in spinal cord oligodendrocytes. (e–g) Venn diagrams illustrating the 
overlap of DEGs across the hippocampus, striatum, and spinal cord. Panels display the number and percentage of 
region-specific and shared DEGs in astrocytes (e), microglia_1 subtype (f), and oligodendrocytes (g).
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Doublet detection.  By implementing Scrublet28 with an expected doublet rate of 10% and taking batch 
effects into account, we effectively identified and removed doublets from our snRNA-seq data. This process sig-
nificantly enhanced the quality of our dataset, ensuring more reliable and robust results in subsequent analyses. 
After removing the potential double cells, we obtained 35156 high quality cells.

Cell clustering.  To identify distinct cell populations in snRNA-seq data, we employed scVI29, a deep genera-
tive model specifically designed for single-cell transcriptomics. By modeling latent variables for each batch, scVI 
addresses batch effects, ensuring that biological signals are retained while minimizing unnecessary technical 
variation. A k-nearest neighbors (k-NN) graph was constructed using the latent space, and the Leiden clustering 
algorithm was applied to this graph to identify distinct cell populations.

Differentially expressed genes analysis and marker genes analysis.  We performed differential gene 
expression analysis across Leiden algorithm-identified clusters using the scanpy.tl.rank_genes_groups() func-
tion with default parameters. Statistical significance of expression differences was assessed using the Wilcoxon 
rank-sum test.

Cellular purity assessment.  The purity and transcriptional homogeneity of identified cell clusters were 
evaluated using the ROGUE package30. ROGUE calculates an entropy-based metric to quantify the robustness 
of gene expression within clusters, where higher ROGUE scores (range: 0–1) indicate greater transcriptional 
homogeneity.

Public data sources for cross-species validation.  The human and murine datasets utilized in this 
study were obtained from the GEO database. Specifically, the human sporadic early-onset Alzheimer’s disease 
(sEOAD) data and the P301L tauopathy mouse model data are accessible under accession numbers GSE272082 
and GSE153895, respectively31,32.

Data Records
The snRNA-seq data generated in this study have been deposited in the NCBI BioProject database under 
accession number PRJNA132764. Raw sequencing data and detailed sample descriptions are available via the 
Sequence Read Archive (SRA) under accession SRP63104633, and BioSample accessions SAMN51289346–
SAMN51289351. Additionally, the fully processed snRNA-seq datasets have been uploaded to the GEO and can 
be accessed under accession number GSE31717634. The processed gene lists, including differentially expressed 
genes, cell-type marker genes, and the top 200 signature genes for cross-species DAM-like microglial clusters, 
have been deposited in Zenodo (https://zenodo.org/records/18612605)35.

Technical Validation
Sequencing and quality assessment of the data.  In this study, the 10x Genomics Chromium platform 
was employed to construct snRNA-seq libraries from the hippocampal, striatal, and spinal cord tissues obtained 
from both Tau-P301L transgenic monkey and WT control monkey. These libraries were subsequently sequenced 
using the Illumina NovaSeq PE150 sequencing system (Fig. 1). Analysis of the snRNA-seq data revealed that the 
number of reads obtained from the WT control monkey’s hippocampal, striatal, and spinal cord tissues were 475 
million, 402 million, and 408 million, respectively. In contrast, the Tau-P301L transgenic monkey tissues yielded 
484 million, 465 million, and 506 million reads for the hippocampus, striatum, and spinal cord, respectively. The 
detection rate of valid barcodes exceeded 94% across all tissues, and the proportion of reads successfully mapped 
to the genome surpassed 93%, underscoring the high quality of the data. Table 2 provides a detailed summary of 
the quality metrics for the sequencing process across all tissues. The estimated numbers of cells obtained from 
the hippocampus, striatum, and spinal cord tissues of WT monkey were 8,330, 4,923, and 6,323, respectively. In 
contrast, the corresponding estimates for the Tau-P301L transgenic monkey tissues were 6,801, 8,131, and 18,983. 
The median unique molecular identifier (UMI) count per cell in the WT monkey tissues was 1,636 for the hip-
pocampus, 2,442 for the striatum, and 5,653 for the spinal cord. For the Tau-P301L transgenic monkey tissues, the 
median UMI counts per cell were 1,795, 1,842, and 3,875, respectively. Furthermore, the median number of genes 
detected per cell in the aforementioned tissues of WT monkeys was 806, 1,104, and 2,197, while in the Tau-P301L 

Sample_id Group Tissue Organism

GSM9294031 Control Hippocampus Human

GSM8392676 Control Hippocampus Human

GSM8392679 Control Hippocampus Human

GSM8392682 sEOAD Hippocampus Human

GSM8392685 sEOAD Hippocampus Human

GSM8392688 sEOAD Hippocampus Human

GSM4658248 P301L Hippocampus Mus musculus

GSM4658249 WT Hippocampus Mus musculus

GSM4658251 WT Hippocampus Mus musculus

GSM4658253 P301L Hippocampus Mus musculus

GSM4658254 P301L Hippocampus Mus musculus

Table 4.  Summary of public human and mouse hippocampal datasets utilized for integrated analysis.
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Fig. 6  Cross-species transcriptomic comparison in hippocampus highlights a closer resemblance to human 
microglial pathology in the P301L monkey model compared to mice. (a,b) UMAP visualization of integrated 
single-nucleus RNA sequencing (snRNA-seq) datasets from (a) human sEOAD and controls, and (b) P301L 
transgenic mice and wild-type controls. Major cell types are annotated by color. (c,d) Dot plots validating cell 
type annotations using canonical marker genes for (c) the sEOAD human dataset and (d) the P301L mouse 
dataset. Dot size represents the fraction of expressing cells, and color intensity indicates mean expression 
levels. (e) A Venn diagram illustrating the overlap of DEGs in microglia across human sEOAD patients, P301L 
transgenic monkeys, and P301L mice. DEGs were filtered based on a statistical threshold of P < 0.05 and a 
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transgenic monkey tissues, it was 862, 871, and 1,949, respectively (Table 3). Collectively, these findings suggest 
that the sequencing process yielded high-quality data.

Cell type identification.  The cells procured as described underwent stringent quality control, with com-
prehensive parameters and procedures detailed in the “Cell quality control” and “Doublet detection” sections of 
the Methods. Following this, integration across various groups was performed using scVI. The classification of 
cells into 13 distinct clusters was achieved through the application of the Leiden algorithm, with visualization 
facilitated by UMAP (Fig. 2a).

Annotation of the various clusters was performed using a selection of well-established marker genes, with 
the results corroborated by pertinent literature (Fig. 2c). Two distinct transcriptional states of microglia have 
been identified. In the microglia_1 state, there is a high expression of C1QA, C1QC, and CSF1R. Conversely, 
microglia_2 is characterized by elevated expression levels of GPNMB, ITGAX, and CHIT1. Notably, the number 
of GPNMB-positive microglia is increased in patients with AD. In transgenic AD models exhibiting signifi-
cant neuronal loss, GPNMB levels rise in an age-dependent manner. Additionally, GPNMB has been shown to 
co-localize with various IBA1-positive microglial populations surrounding amyloid plaques. Currently, GPNMB 
is considered a marker of the activated state of microglia, a state observed exclusively under neurodegener-
ative conditions36,37. Through the analysis of bar charts depicting cell proportions, we observed an increase 
in the proportion of the microglia_2 cell population within the Tau transgenic monkey tissues (Fig. 2b). This 
finding suggests that microglia may exhibit distinct transcriptional characteristics in Tau transgenic monkeys. 
Astrocytes, choroid plexus epithelial cells, endothelial cells, fibroblasts, neurons, oligodendrocyte precursor cells 
(OPCs), oligodendrocytes, progenitor cells, Schwann cells, and T cells were identified utilizing well-established 
cellular markers. Furthermore, we consulted prior research to identify ventricular zone (VZ) cells through the 
expression of genes such as GFAP299, GFAP54, and TMEM23238. Figure 3a illustrates the top 20 marker genes 
identified for each distinct cell type, determined through the application of the Wilcoxon rank-sum test.

Utilizing the ROGUE package in R, we assessed the even distribution and purity of the specified clusters. 
Our analysis revealed that the ROGUE values for each cell type cluster exceeded 0.75, indicating satisfactory cell 
quality and clustering purity (Fig. 2d).

Regional heterogeneity of glial responses to Tau pathology.  Figures 4, 5 present the snRNA-seq 
differentially expressed genes (DEGs) in astrocytes, microglia, and oligodendrocytes from the hippocampus, 
striatum, and spinal cord of Tau-P301L monkeys, visualized via volcano plots and Venn diagrams. These figures 
highlight both cell type–specific transcriptional changes under Tau pathology and region-dependent transcrip-
tional signatures within the same cell type.

Cross-species transcriptomic comparison validates the utility of the hippocampal P301L mon-
key model.  To validate the biological relevance of this dataset and demonstrate its utility for translational 
research, we performed an integrated cross-species analysis focusing on the hippocampus (Table 4). We aligned 
our hippocampal monkey P301L data with high-quality public datasets from the hippocampus of human sporadic 
Early-Onset Alzheimer’s Disease (sEOAD) patients (GSE272082) and P301L transgenic mice (GSE153895)31,32. 
UMAP integration successfully resolved major cell lineages across all three species within the hippocampal for-
mation (Fig. 6a,b). The identity of these clusters was further verified using canonical marker genes, which showed 
consistent expression patterns across species (Fig. 6c,d).

We utilized this integrated dataset to assess whether the monkey model captures the hippocampal transcrip-
tional features of human pathology more accurately than the mouse model. A comparative analysis of DEGs in 
hippocampal microglia revealed that while there is a shared inflammatory response across species, the mon-
key P301L transcriptome exhibits a higher degree of overlap with human sEOAD. Rank-Rank Hypergeometric 
Overlap (RRHO) analysis further substantiated this, displaying a strong positive correlation in global gene 
expression patterns between the monkey and human hippocampal datasets (Fig. 6f, top panels), whereas the 
concordance between mouse and human was less pronounced (Fig. 6f, bottom panels). Notably, several key 
immune-associated genes (e.g., IL18, ST3GAL5, VSIG4) that were strongly upregulated in both human and 
monkey hippocampal samples showed discordant or limited responses in the mouse model (Fig. 6g). These 
findings underscore the high quality of the provided dataset and its potential to elucidate human-relevant path-
ogenic mechanisms specifically within the hippocampus.

Disease-associated microglia (DAM) signatures in the hippocampus.  To further evaluate the data-
set’s resolution in detecting subtle cell-state transitions within the hippocampus, we investigated the presence of 
DAM signatures. Using consensus Non-Negative Matrix Factorization (cNMF), we successfully identified distinct 
hippocampal microglial subpopulations in all three species (Fig. 7a–c). A specific DAM-like cluster was identi-
fied, which was characterized by the expression of established markers such as APOE, LPL, and SPP1 (Fig. 7d–f).

log2 fold change magnitude (|log_2FC| > 0.25). (f) Rank-Rank Hypergeometric Overlap (RRHO) heatmaps 
displaying the concordance of transcriptional changes. Top panels: Comparison between Monkey P301L and 
Human sEOAD showing strong overlap in upregulated (bottom-left) patterns. Bottom panels: Comparison 
between Mouse P301L and Human sEOAD showing weaker concordance. (g) Dot plot comparing the 
expression patterns of specific disease-associated microglial genes. These genes are strongly upregulated in 
both human sEOAD and monkey P301L datasets but show discordant or limited responses in the mouse P301L 
model.
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Fig. 7  Cross-species comparison reveals conservation of human DAM signatures in the P301L monkey 
model. (a–c) UMAP visualization of microglial subpopulations identified by consensus Non-Negative Matrix 
Factorization (cNMF) clustering in P301L mice (a), human sEOAD patients (b), and P301L monkeys (c). 
(d–f) Dot plots characterizing the expression of key DAM marker genes (e.g., Apoe, Spp1) to identify DAM-
like clusters in mice (d), humans (e), and monkeys (f). Dot size represents the fraction of expressing cells, and 
color intensity indicates average expression levels. (g–i) Stacked bar charts showing the proportional shifts of 
microglial clusters between control (WT/Control) and disease (P301L/sEOAD/Tau) conditions. Arrowheads 
indicate the expansion of DAM-like populations in the disease state across all three species. (j) UpSet plot 
quantifying the intersection of DEGs (Top200) in DAM-like clusters across mouse, human, and monkey. 
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Consistent with pathological progression, the proportion of cells within this hippocampal DAM-like clus-
ter was expanded in the disease groups (P301L/sEOAD) compared to controls across all species (Fig. 7g–i). 
However, the specific gene composition of this signature revealed significant species-specific differences. We 
quantified the intersection of the top 200 DEGs in the hippocampal DAM-like clusters (Fig. 7j) and found that 
the P301L monkey model shares a larger number of unique orthologous signature genes with humans (23 genes, 
including DDX5, CXCR4, and RPS family genes) compared to the mouse model (14 genes) (Fig. 7k). These 
validation steps confirm that the hippocampal dataset provided here possesses sufficient depth and biological 
fidelity to support advanced cross-species investigations.

Our analysis of the snRNA-seq data elucidated the heterogeneous cell populations present in the transgenic 
Tau-P301L monkey. While we acknowledge the constraints regarding biological replicates and the lower recov-
ery of neuronal nuclei—factors attributable to the scarcity of transgenic primate models and the technical chal-
lenges of early isolation protocols—this dataset uniquely captures robust and evolutionarily conserved glial 
signatures that are frequently divergent in rodent models. This dataset thus establishes a foundational framework 
for identifying cell-type-specific responses within these critical tissues, offering a rare and valuable resource for 
translational inquiry. It holds significant potential for advancing the study of Tau pathology and facilitating 
high-fidelity cross-species investigations, thereby addressing the critical gap in current single-cell data which 
predominantly relies on murine models.

Data availability
The single-nucleus RNA sequencing (snRNA-seq) data generated in this study have been deposited in the 
NCBI BioProject database under accession number PRJNA132764. Raw sequencing data and detailed sample 
descriptions are available via the SRA under accession SRP63104633, and BioSample accessions SAMN51289346–
SAMN51289351. Additionally, the fully processed snRNA-seq datasets have been uploaded to the GEO and can 
be accessed under accession number GSE31717634. The processed gene lists, including differentially expressed 
genes, cell-type marker genes, and the top 200 signature genes for cross-species DAM-like microglial clusters, 
have been deposited in Zenodo (https://zenodo.org/records/18612605)35.

Code availability
It is important to note that no specific custom code was employed during the analysis of the current dataset. 
The analyses and image generation were conducted using the following open-access software programs: Cell 
Ranger (3.0.1), Scanpy (1.11.3)27, Omicverse (1.7.5)27, ROGUE (1.0)30, and Seurat (5.4.0)39. All analyses were 
implemented in R (4.4.3) and Python (3.10.13).
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