
Supplemental Material and Methods 
 
Mixture model for CpG methylation in nanopore reads. 
 
The CpG methylation calling from the nanopolish software was used to produce for each read the 
number of CpGs called as being methylated or non-methylated.  Let (ai , bi) be the methylated and 
non-methylated counts respectively for read i.   
 
The distribution of (ai , bi) can be modelled as a beta-binomial distribution with parameters (α, β).  
If a read has n CpGs then the expected number of methylated CpGs in the read is given by nα / (α + 
β) and the variance of this number is nαβ(α + β + n) / ((α + β)2(α + β + 1)), so in general higher 
values of (α, β) give a narrower distribution with a smaller variance. 
 
To model heterogeneity in the methylation distribution across different reads we fit a mixture model 
with 3 components.  Each component has different beta-binomial parameters, so the parameters for 
component j are . (αj, βj) Let pj be the proportion of reads that belong to component j.  The 
probability of the counts (ai , bi) for an individual read is then: 

 
 
 
 

We estimated the parameters using the EM algorithm for the first component, (α1, β1) from the non-
methylated samples using a model with only a single component.  This allows the modelling of the 
false positive error from the methylation calling.  We then analyzed the methylated samples using a 
three component model where the first component used the parameters estimated from the non-
methylation samples, the second component was a low/medium methylation component and the 
third component was a high methylation component.  The parameters of the 2nd and 3rd components 
and the mixing proportions p were estimated from the data using the EM algorithm.  The parameter 
estimates for this analysis are given in Table S2 as model 1: full model.   
 
To estimate the statistical support for the multiple compoenents (i.e., the significance of the 
heterogeneity in read methylation) we tested multiple models by comparing the log likelihood of the 
different models to the log likelihood under the full model (model 1).  For each model the non-fixed 
parameters were maximized using the EM algorithm. The tested models were: 
 

• Model 2 – The cells in stationary phase were forced to have only a single component (so 
modelling a homogenous population).  The cells in exponential phase were modelled with 3 
components as in model 1. 

• Model 3 – The cells in exponential phase were forced to have only a single component (so 
modelling a homogenous population).  The cells in stationary phase were modelled with 3 
components as in model 1. 

• Model 4 – All methylated samples were forced to have a single component, although this 
component could differ between the exponential and stationary phase samples (i.e., each 
sample was assumed to be homogenous, but reads from the two sets of samples could come 
from different populations). 

 
We can consider that when comparing model 1 to models 2 or 3 we have fixed 2 parameters (as we 
have only 1 component rather than 3 for one of the samples) so twice the log likelihood difference 
between the models is distributed as a Χ2 with 2 degrees of freedom.  Similarly twice the log 
likelihood difference between models 2 and 3 and model 4 is also distributed as a Χ2 with 2 degrees 
of freedom. 


