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Causal graph 
We represent the sources of bias in 3C-like data in a causal graph. As can be seen, a 
number of factors have been left out in HiCNorm. 
- The GC content is too unspecific, because controlling for it would make detection of the 

chromatin state more difficult. 
- The cross-linking efficiency has not been taken into account, and may play a big role if 

the amount of protein bound to the DNA varies much and non-randomly along the 
genome. 

- The length of the restriction fragments is not entirely taken into account. !
Importance 
The use of an improved set of factors for normalization would allow for more robust 
structure determination. In particular, robust estimates of error bars on the normalized 
counts will translate in a more dynamic representation of consensus structures.

HiCNorm: most flexible method 
HiCNorm [4] is based on the method by Yaffe and Tanay [5] and performs a less popular normalization 
than ICE. It is, however, much more flexible, and can be applied to a large variety of 3C-like datasets. 
HiCNorm is based on Poisson regression of the counts using three possible sources of bias: a) GC 
content, b) mappability of reads onto the reference genome and c) density of restriction fragments per 
bin. 
Compared to ICE, it can give confidence intervals for the contacts, and criteria for goodness of fit (e.g. 
AIC)

ICE: Most popular normalization method 
A number of methods have been proposed to de-bias these datasets, but none so far has reached an 
overall state of acceptance by the community. ICE [3] rescales the coefficients of the matrix so that all 
rows and columns have an equal sum, while excluding the diagonal and nearest neighbors. It provides 
the best treatment, but it has a number of limitations: 
- ICE assumes that any locus interacts with someone that is not its closest neighbor. 
- ICE does not provide confidence intervals for the contacts 
- ICE can only be applied to whole genomes (HiC), or experiments where sequencing is exhaustive for 

the lines considered (capture-(Hi)C) 
- ICE does not provide goodness-of-fit criterions, so we don’t know whether ICE has over-cleaned a 

matrix or not.
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>> more information at http://marciuslab.org <<

Introduction 
Chromatin structure determination is a fast evolving field. It recently emerged with the invention of 3C-
like experiments, in particular 3C [1] and Hi-C [2]. These experiments allow to probe for the spatial 
distance between two genetic loci. Yet, these 
experiments do not provide the distances 
themselves, but a contact count, which is prone 
to be biased by a number of genomic factors. It 
is therefore crucial to de-bias the data for any 
practical application.
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