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Lineage tracing of single cell RNA-sequencing data from human midbrain identifies novel genes affected by idiopathic
Parkinson's disease
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Summary
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Analysis of Parkinson's disease progression
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• Results: We found a set of 160 genes (40 genes per 4 trajectories, ranked by p-value, FDR-adjusted
p<3.28E-8) that are substantially affected by Parkinsonʼs disease, i.e. their activity is correlated with disease
trajectory inferred by the lineage-tracing algorithm. To validate our results, we superimposed the inferred pseudotime estimates with patient metadata (disease status and cell loss) and found a positive correlation between the
disease pseudo-time and patient metadata (r=0.24, Spearman correlation). Using enrichR and search in
BioPlanet 2019 and KEGG 2021 databases we found that identified gene sets are related to the axon guidance
and developmental biology (p=6.89*E-07, p=1.25E-06, FDR-adjusted p<0.05), which are likely related to the
Parkinsonʼs disease pathophysiology in dopaminergic cells of the human midbrain. Further analysis using
WGCNA identified gene modules involved in synaptic scaling, axonogenesis and translation. Identified module's
gene expression was highly correlated with inferred disease pseudo-time.
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Weighted Gene Co-expression Analysis (WGCNA)
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Gene co-expression modules analysis
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Conclusions

p=0.001

• WGCNA and disease pseudo-time associated genes identify the same groups of genes for synaptic
and axonal modules
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• Using trajectory analysis, we identified the list of genes that are up- and down-regulated in
dopaminergic midbrain cells along an inferred disease trajectory. The identified disease trajectory is
correlated with disease status and midbrain dopaminergic cell loss in human substantia nigra.
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Translation

Zhou et al, Metascape, 2019

• Conclusions: Our results provide novel insights into the pathophysiological processes associated with idiopathic
Parkinsonʼs disease progression and may help to isolate dysregulated genes associated early in a dopaminergic
neuronʼs degenerative process in PD. Such targets may ideally be amenable to therapeutic targeting.
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• Methods: We used Partition-based Graph Abstraction (Wolf et al. 2019) together with variational autoeconders
(Gayoso et al. 2021) to learn low-dimensional data representation using single nuclei RNA-sequencing data from
human midbrain (from Kamath et al. 2021). We analyzed ~17,000 dopaminergic cells collected from 13 patients
(7 healthy controls vs 6 PD patients). Using low-dimensional graph data representation we performed random
walk simulations to estimate the disease pseudo-time for every dopaminergic cell. Using correlation analysis, we
identified genes that were upregulated and downregulated along the pseudo-time trajectories. We further applied
Weighted Gene Correlation Network (WGCNA) analysis to identify modules of co-expressed genes.
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• Objectives: Hundreds of genes are associated with idiopathic Parkinsonʼs Disease (PD) from Genome-Wide
Association Studies (GWAS). However, it is unclear if these genes play a role in the midst of progression (rather
than just risk of onset). Current single cell lineage tracing algorithms now allow us to take a single tissue sample
(with cells presumably at varying stages of disease progression/degradation within the single sample) and
recreate a “pseudo-time” scale whereby we infer which cells are early on in the disease process versus those
much closer to a final degenerative step based on the evolution of their gene expression profiles. We hoped to
apply one such method to dopaminergic cells from normal and PD postmortem midbrain samples to better
elucidate genes potentially relevant to progression of PD.

• Using WGCNA, we found 3 modules that are significantly up- and down-regulated in dopaminergic
neurons from Parkinson's disease patients. The analysis shows that these modules are involved into
axonal guidance, synaptic transmission and protein translation.
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• The detailed analysis of protein-to-protein interaction network in dopaminergic neurons identified
genes groups downregulated in Parkinson's disease patients. In particular we found protein
translation, electron transport and oxidative phosphorylation to be significantly downregulated in
human dopaminergic neurons
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• Comparative analysis of WGCNA and trajectory inference methods identified the same genes involved
in the neurodegenerative process in the axonal and synaptic modules.
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