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Results from case study of tissue-specific DMR identification in NIH Epigenome 
Roadmap [5] (A-C) dmrseq q-values accurately rank regions by statistical significance. 
Methods that do not account for sample and spatial variability make spurious calls, as in B 
and C. (D) dmrseq finds fewer tissue-specific DMRs when comparing similar tissues. (E) 
DMRs can be validated by correlating expression values of nearby genes. (F) Compared to 
alternative approaches BSmooth [2],  DSS [3], and metilene [4], DMRs found by dmrseq have 
stronger odds of expected association with expression of nearby genes.

CpG level: !"#$|&"#$, ("#$	~	+,-(&"#$, ("#$)
("#$	~	+012(2"$3, 4"$3)
5"$3 =
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Region level: = >$ = ?@$ = ∑ BCD$1["GD]
I9
DGJ + L#BJ$

Fit with Generalized Least Squares (GLS) and variance-stabilizing arcsine transformation [3]:
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o A central question in the analysis of bisulfite sequencing data is to detect regions
with systematic differences between conditions

o Current computational approaches for detecting these so-called Differentially
Methylated Regions (DMRs) do not provide accurate statistical inference

o Major challenges in reporting uncertainty are (1) accounting for a genome wide
scan to detect regions, and (2) the limited sample sizes of typical experiments

o The R package dmrseq overcomes these challenges using a permutation-based
approach to detect and perform accurate inference for differential methylation

o We find that the new method improves the specificity and sensitivity of lists of
regions and accurately controls the False Discovery Rate (FDR) in experiments
with as few as two samples per group [1]

Abstract

Measuring methylation with Whole 
Genome Bisulfite Sequencing (WGBS)

Grouping significant CpGs does not 
control error rate of DMRs

Roadmap tissue-specific DMRs enriched 
for associations with expression

o dmrseq identifies and prioritizes DMRs from bisulfite sequencing experiments
o Accounts for sample & spatial variability by modeling signal at the region level

o Achieves accurate False Discovery Rate control by generating a null 
distribution that pools information across the genome

Summary

Accurate FDR control and high           
power in simulation
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WGBS data and differential methylation (A) Although CpGs on a single DNA strand have 
binary methylation status, WGBS measures the proportion of methylated reads covering each 
CpG. Total coverage of each CpG varies due to sampling error. (B) The task is to identify 
regions (groups of CpGs) that are significantly associated with some phenotype of interest, 
such as disease status. Spatial, individual, and coverage variability need to be accounted for.

False Discovery Rate (FDR) = 
# False Discoveries / Total # Discoveries

FDRCpG = 2/8 = 0.25  
vs

FDRDMR = 1/2 = 0.50 

Controlling FDR at the CpG level does not
guarantee FDR control at the region level

Region-Level Modeling

dmrseq: two step approach
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(1) Candidate region detection: Genome wide scan of CpG methylation difference 
(2) Evaluate statistical significance: Compare observed region-level summary statistics 

against pooled null permutation distribution

3 53 3 5 35 3 4  5 53

!"#$ = methylated read count
&"#$ = total coverage
("#$ = methylation proportion 
5"$3 = methylation proportion for condition P
, indexes CpGs, b indexes samples, b ∈ d3
P indicates biological condition

Within Sample: defg T#$ = Y]#$ = hi$jk]#$
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Between Sample: def M"#$, M"#∗$	 = 0
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Simulation results based on control sample comparison with added DMRs (A) dmrseq
achieves accurate FDR control in simulation. (B) Compared to alternative approaches 
Bsmooth [2], DSS [3], and metilene [4], dmrseq achieves greater sensitivity and specificity.
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