Predictive modeling of single-cell DNA methylome data
enhances integration with transcriptome data
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Motivation
l There is an intricate relationship between DNA methylation and gene
expression
l Assumptions regarding to this relationship that are based on bulk data are
generally oversimplified and don’t hold at single cell level.

Results

Methodology
l Here, we present MAPLE (Methylome Association by Predictive
Linkage to Expression), a computational framework that learns
the association between DNA methylation and expression using
both gene- and cell-dependent statistical features.

l Accurate prediction of gene activity is required to interpret single cell DNA
methylation data and integrate it with expression data for the same cell
type or tissue.

Figure 2. Overall framework. TSS:Transcription Start Site. CGR: CpG ratio.
ML: Methylation Level. CNN: Convolutional Neural Network, EN: Elastic
Net Regression, RF: Random Forest

Figure 5. MAPLE profiles heterogeneity better than MPD. Embryoid body cells are
composed of two subpopulations (left). Top cluster shows higher expression of
pluripotency genes like Esrrb. Bottom cluster has higher expression of differentiation
genes like T transcription factor. MPD cannot profile any heterogeneity (middle). Two
groups are clearly separated in the UMAP based on MAPLE (right).

Figure 3. Construction of a meta-cell

Figure 6. MAPLE based integration is more accurate than MPD. Integration of
single cell gene expression data with DNA methylation data. Left: Integration
using as MPD (Mean Promoter Methylation) for DNA methylation input. Right:
Integration based on MAPLE output. Pie charts show the correct classification
rates of the cells in the scDNA-Methylation data using the nearest neighbor
cells from the scRNA data.

Figure 1. Correlation between DNA methylation and gene
expression at single cell level. Computed using single cell true multiomics datasets.

Conclusion
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l Gene activities for the single cell DNA methylation data can be better predicted
using a supervised model than mean promoter de-methylation.
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Figure 4. MAPLE Benchmarking. a) Heatmap showing the overall correlation
between DNA Methylation and gene expression for supervised model (EL) and
unsupervised model (MPD) b) Correlation by cell (across genes) for MPD and EL

l Accurate prediction of gene activities enhance the performance of integration of
single cell DNA methylation and gene expression data.
l MAPLE software
uzun/MAPLE.1.0

is

accessible

at

GitHub:

https://github.com/yasin-

