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Background: DNA methylation in promoters is strongly linked to downstream gene 

repression [1]. However, the question remains whether DNA methylation is a cause or 

consequence of gene repression. In the former case, DNA methylation may affect the affinity 

of transcription factors (TFs) towards their binding sites (TFBSs). In the latter case, gene 

repression caused by chromatin modification, is stabilized by DNA methylation. Until now, 

the above-mentioned scenarios have only been supported by non-systematic evidences and 

have not been tested for a wide spectrum of TFs.  

Methods: To estimate DNA methylation we used ENCODE [2] data obtained by reduced 

representation bisulfite sequencing (RRBS) [3]; to evaluate genome-wide expression across 

various cell types, we used FANTOM5 (Forrest et al., submitted) data obtained by cap 

analysis of gene expression (CAGE) [4]. For TFBSs prediction we used the remote 

dependency model (RDM), which takes into account possible correlation of nucleotides at 

remote positions within TFBSs and was shown to effectively decrease false positive rate as 

compared to the widely used position weight matrix (PWM) model. 

Results: In this study we found that for 16.6% of cytosines methylation profile and the 

expression profile of neighboring TSSs show significant negative correlation. We name CpG 

that correspond to such cytosines “traffic lights”. CpG “traffic lights” are mostly located 

within CpG island in gene promoters. We hypothesize that if CpG “traffic lights” are not 

induced by average methylation of a silent promoter, they may affect binding of TFs to their 



binding sites and therefore regulate transcription. We observed a strong selection against 

CpG “traffic lights” within TFBSs, more pronounced for “core” position of the TFBS, 

supporting the damaging role of CpG “traffic light” for a TFBS. Surprisingly, we found 

selection to be stronger for repressors then for activators or multifunctional TFs.  

Conclusions: In this work we suggest that single cytosine methylation may play a role in 

transcriptional regulation. In a way, this puts into a different perspective the current common 

perception of the link of methylation and gene expression. Our results allow us to suggest that 

blocking of TFBS by selective methylation is likely to be restricted to special cases and 

cannot be considered as a general regulatory mechanism of methylation-dependant 

transcription. 

This work is part of the FANTOM5 project. Data downloads, genomic tools and co-published 

manuscripts are summarized here http://fantom.gsc.riken.jp/5/. 
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