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Chromatin Segmentation
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Introduction to Hidden Markov Models
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Hidden Markov Models for Chromatin Segmentation
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1. Binned read counts       2. Probabilistic Model    3.  Segmentation

- fully connected HMM
- read count distribution:
 multivariate negative binomial distribution

- fully connected HMM
- read count distribution: 
product of independent Bernoulli experiments
 (binarized input using Poisson distribution)
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Hidden Markov Models for Chromatin Segmentation
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- extended state HMM
- read count distribution: 
  configurable combination of discrete 
  distribution types 
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Flexible Modeling with EpiSegMix
Duration modeling
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Flexible Emission Modeling

Table: Overview of available discrete distributions (Johnson et al., 1993).

Name Parameters Flexibility
Poisson λ ∈ R+ +
Binomial n ∈ N, p ∈ [0, 1] +
Negative Binomial r ∈ R+, p ∈ [0, 1] ++
Beta Binomial n ∈ N, α ∈ R+, β ∈ R+ +++
Beta Negative Binomial r ∈ R+, α ∈ R+, β ∈ R+ +++
Sichel µ ∈ R+, σ ∈ R+, v ∈ R +++
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Comparison Poisson and Beta Negative Binomial Distribution
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Flexible Duration Modeling
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Parameter Estimation
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Parameter Estimation

Expectation Maximization

Solution
Baum-Welch algorithm (expectation-maximization):

E-step: estimate state membership probabilities
M-step: estimate model parameters

Emission parameters are updated by maximum likelihood
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Parameter Estimation
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EpiSegMix Workflow
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EpiSegMix Workflow
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EpiSegMix Workflow
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Results - Advantage of Flexible Modeling
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Results - Increased Segment Length
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Results - EpiSegMix is Predictive of Cell Biology
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Figure: Prediction of (a) gene expression (b) ATAC-seq counts using state labels as categorical
predictors.
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Conclusion

Automated chromatin state discovery
enables the annotation of both coding
and non-coding regions of the genome.
The assumptions of the probabilitic model
have an impact on the segmentation and
biological interpretability of states.
EpiSegMix provides a flexible framework
that can be applied to read count data
with different underlying distribution
types.

Duration Modeling
Negative Binomial DistributionGeometric Distribution

P
ro

b
a
b

ili
ty 0.08

0.12

Segment length (bp)

0.04

0.00

0.08

0.12

0.04

0.00
0 1000 3000 5000

P
ro

b
a
b

ili
ty

Segment length (bp)
0 1000 3000 5000

Emission Modeling

Negative Binomial Disribution Sichel Distribution

P
ro

b
a
b

ili
ty

Read counts H3K4me3 Read counts H3K4me3

P
ro

b
a
b

ili
ty

https://gitlab.com/rahmannlab/episegmix
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Appendix

EpiSegMix 

Prom

Enh

Tx

Tx_Wk

Repr_Pc

Het_Wk

Het_Str

No_Sig

Mix

Enh_Wk

H3K27me3

H3K9me3

H3K36me3

H3K4me3

H3K4me1

H3K27ac

Color c
ode

EpiCSeg

Prom

Enh

Tx

Tx_Wk

Repr_Pc

Het_Wk

Het_Str

No_Sig

Mix

Prom_Wk

H3K27me3

H3K9me3

H3K36me3

H3K4me3

H3K4me1

H3K27ac

Color c
ode

  Enh_Wk

Het_Wk

Het_Str

Repr_Pc

Tx

Prom

Enh

Tx_Wk

No_Sig

Mix

Segway

H3K27me3

H3K9me3

H3K36me3

H3K4me3

H3K4me1

H3K27ac

Color c
ode

0.0

0.2

0.4

0.6

0.8

1.0

M
e
a
n
 c

o
u
n
ts

 m
in

-m
a
x
 n

o
rm

a
liz

e
d

Prom

Enh

Prom_Wk

Prom_Flank

    Enh_Wk

Tx

Tx_Wk

Mix

Repr_Pc

Quies

ChromHMM

H3K27me3

H3K9me3

H3K36me3

H3K4me3

H3K4me1

H3K27ac

Color c
ode

chr2:120,258,655-127,500,975 chr1:109,185,316-109,497,205

H3K27ac

H3K4me1

H3K4me3

H3K36me3

H3K9me3

H3K27me3

RNA-seq FPKM

Refseq Genes

EpiSegMix

EpiCSeg

Segway

ChromHMM

A

B

Algorithmic Bioinformatics 20



Appendix
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Appendix
A: Negative binomial emissions 
A.1: Mean read counts per state and histone mark A.2: Genomic coverage for each state

A.3: Read count distribution in state 3
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Appendix
B Flexible emission modeling (DISTFIT model)
B.1: Mean read counts per state and histone mark B.2: Genomic coverage for each state

B.3: Read count distribution in state 3
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