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Background - Differentially Methylated Region (DMR)
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Background - Differentially Methylated Region (DMR)

CpG (a Cytosine followed by a Guanine) methylation:
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Rakyan, Vardhman K., et al. Nature Reviews Genetics. 2011.
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Background - metilene
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Juhling, F., Kretzmer, H., Bernhart, S. H., Otto, C., Stadler, P. F., & Hoffmann, S. (2016). Metilene: fast and sensitive
calling of differentially methylated regions from bisulfite sequencing data. Genome research, 26(2), 256-262.
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A gap — more than two groups to be compared?

Multi-groups DMR identification:
We can have ~200 cell types

Cancers can have even more subtypes
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A gap — more than two groups to be compared?

Multi-groups DMR identification:
We can have ~200 cell types

Cancers can have even more subtypes

Possible ways of comparing multiple groups — 5-groups example:
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Multi-groups metilene — algorithm

Segmentation based on 1 group vs 1 group comparisons
O(N?)

l

Groups clustering on segments
O(N)

l

Circulation (recursion) based on clustering results
O(N?)
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Multi-groups metilene — algorithm

Pre-segmentation ?Distl. > D?? _ _???Dis}; D? ?CpG
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Multi-groups metilene — algorithm

Pre-segmentation ?Dlst > D?? ???D.st > D? ?CpG
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Multi-groups metilene — algorithm

Pre-segmentation

Mean methylation levels M: O(N)

Mean difference signals MDS: O(N?)
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Multi-groups metilene — algorithm

Segmentation on [s, t]

CpG index
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Multi-groups metilene — algorithm

Segmentation on [s, t]
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Multi-groups metilene — algorithm

Clustering based on G450 Grmax
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Multi-groups metilene — algorithm

Clustering based on G450 Grmax

0.5 I I
(7p] ' I I oo~ f— G1 - Gz
g 00 :‘qv-ﬂ/f‘ ‘.;;: ) .}.\.‘. —G.—G
\ 3 s
-0.5 ‘vv\ ~ = Gy — Gy
0 20 40 60
CpG index
, _ Yha (M) — M(>i,m)| < &)
Distance(a, b,n,m) = b —a)
v
2D KS test for two clusters
_ 10 vt
% = Group G,
= 0.5 == Group G,
()
= 0.0 = Group G,
0 20 40 60
CpG index

Zhihan Zhu | 39th TBI Winterseminar in Bled

17



Multi-groups metilene — algorithm

Circulation (recursion)
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Multi-groups metilene — algorithm

Circulation (recursion)
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Multi-groups metilene — De novo mode

DMR identification between TWO groups
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Multi-groups metilene — De novo mode

DMR identification between TWO groups

l

DMR identification among >=3 groups
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Multi-groups metilene — De novo mode

DMR identification between TWO groups

l

DMR identification among >=3 groups

l

DMR identification without group information (label) - De novo mode
(One group one sample)
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Multi-groups metilene — application

DMR identification (de novo mode) on N=21 WGBS samples from pancreas  Loyfer, Netanel, et al. Nature. 2023.
« © cell types: endothelium, acinar, alpha, beta, delta, duct

Cell types # CpGs # DMRs Clusters
multi-groups
metilene Meanmet. | HDBSCAN
N Met. levels of each CpG N | levels of each
DMR
Re-run
Comparison multi-groups metilene with

predefined labels (clusters)

GSEA on DMRs

Zhihan Zhu | 39th TBI Winterseminar in Bled 23



Multi-groups metilene — application

Multi-groups metilene with (default) parameters -

26 million CpGs - 14.995 DMRs
using 10 CPU cores WWWW
638m memory Chr? 1 100 0.0 110.5|...  10]...
21 samples Met. levels of each CpG >
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Multi-groups metilene — application

Multi-groups metilene with (default) parameters -

26 million CpGs
~3mins
using 10 CPU cores
638m memory
21 samples Met. levels of each CpG >

14,995 DMRs

“m P-value cIusters

Chr? 1 100 0.0 1|05| 10]...

HDBSCAN clustering
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Multi-groups metilene — application

HDBSCAN clustering on mean methylation levels of DMRs
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Multi-groups metilene — application

HDBSCAN clustering on mean methylation levels of DMRs
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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LAKE_ADULT_KIDNEY_C3_PROXIMAL_TUBULE_EPITHELIAL CELLS S1_S2-
DESCARTES_MAIN_FETAL_ISLET_ENDOCRINE_CELLS 1
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—logip (Adjusted P-value)
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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Multi-groups metilene — application

GSEA on cell type-specific expression gene sets from single-cell RNA sequencing:
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Summary

Multi-groups metilene: integrating segmentation and clustering leads to fast and accurate DMR

identification among multiple groups.

DMRs identified by multi-groups metilene (de novo mode) could be used to find biological

meaningful clusters.

Downstream clustering (currently HDBSCAN) might be further improved.
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