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Introduction

Chromatin  immunoprecipitation  with  massive  parallel  sequencing  (ChIP-seq)  is  a 

powerful  method to address the issues of protein-chromatin interaction at genome scale. 

RNA Polymerase II  (PolII)  Chip-seq does  not  only  provide  information  for  the  mapping of 

transcription start sites (TSSs) but also about functional features of transcription, such as PolII 

stalling at TSSs, pausing and transcript elongation. To extract comparative information about 

PolII  activity  at  different  gene  loci  from  ChIP-seq  profiling,  we  have  developed  the  R 

package POLYPHEMUS which (i) integrates TSS annotation with PolII enrichment over coding 

regions,  (ii)  normalizes  signal  intensity  profiles  using  no-linear  approaches  to  correct  for 

technical/experimental  variations  and  (iii)  generates  outputs  for  gene  classification 

according to differential transcription characteristics.

This guide is a “HOW TO” tutorial. It introduces the main features of  POLYPHEMUS.  More 

details  about  this  package  and  function  can  be  found  using  the  help  function  in  R 

(help(package=polyphemus) at the R prompt). This guide will show (i) HOW TO install POLYPHEMUS 

package (ii) HOW TO acquire the data and database that are needed as input for POLYPHEMUS, 

and (iii) HOW TO use the main functions of POLYPHEMUS.

Package installation

POLYPHEMUS is a package for the R computing environment and it is assumed that you have 

already installed R. It can be downloaded at: 

http://www.igbmc.fr/recherche/Dep_BC/Eq_HGron/bioinfotools.html

The package was build and tested in an Unix environment. 

POLYPHEMUS is dependent of several other packages. To install them, open a R prompt and type 

the following command lines: 

> install.packages(c(“zoo”, “RUnit”, “R.utils”, “multicore”))

http://www.igbmc.fr/recherche/Dep_BC/Eq_HGron/bioinfotools.html


It is also dependent of the BioConductor package IRanges and Limma. To install them: 

> source(“http://www.bioconductor.org/biocLite.R”)

> bioClite(c(“limma”, “IRanges”))

Then, to install the POLYPHEMUS package, open a shell and type the following command line:

$ R CMD INSTALL polyphemus.tar.gz

Data preparation

POLYPHEMUS takes in input three different format files. (i1) a text file that is a tab separated 

file. This file describes the peak position (summit). The position of the peaks are obtained using 

peak  calling  tools  (MACS[1],  MeDiChI[2],  PICS[3],  findPeaks[4]  etc…).  The  text  file  should 

contain four columns, i.e chromosomes, peak position (summit), intensity (count) and pvalue. 

(ii2) A wiggle intensity file, which is a common output for the different peak-callers.

(iii3) POLYPHEMUS takes as input a coding region annotation database for the organism of 

interest, such as refseq [5], but it needs to be converted into a bed format. It can be 

downloaded at the UCSC genome browser website[6]. The annotation database files used in 

the manuscript describing POLYPHEMUS  are available at 

http://www.igbmc.fr/recherche/Dep_BC/Eq_HGron/bioinfotools.html

Naming files  are  extremely important  when using  POLYPHEMUS.  The file  name should contain 

information about the track experiments, the chromosome and of course the format (*.txt or 

*.wig). For example, T0_xxx_chr19.wig means that the track is T0 and the chromosome is the 

chr19. Information is separated with an underscore symbol. The track identifier must be at the 

first position and the chromosome at the last position before the format extension.

III. PolII ChIP seq data analysis using POLYPHEMUS 

In the ChIP seq based bionformatics toolbox, a lot of tools are designed for the identification 

of protein-chromatin binding domain. However, none of them are ready for the comparative 

analysis of the multiple track samples generated by complex experimental design. POLYPHEMUS 

overcomes this lack by providing a mean to extract the read count information and treating 

it as intensity measurements. Furthermore, It can apply a non-linear normalization and supply 

a table output suitable for the further clustering analysis. The POLYPHEMUS workflow is described in 

figure 1. 

http://www.igbmc.fr/recherche/Dep_BC/Eq_HGron/bioinfotools.html
http://genome.ucsc.edu/cgi-bin/hgTables?hgsid=167453638&clade=mammal&org=Mouse&db=mm9&hgta_group=rna&hgta_track=mrna&hgta_table=refGene&hgta_regionType=genome&position=chr12%3A57795963-57815592&hgta_outputType=primaryTable&hgta_outFileName=


Figure  1. Polyphemus  algorithm  procedure.  The  principal  steps  and  the  sub-steps  are  colored 

respectively, in red and grey. Green colored rectangle shows input.
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As soon as you have generated the wig and the text files, just pool them into a folder. In 

this  example,  sample files  are found in the  folder  pooled of  the package.  Try  to  run the 

createFolderHierarchy() function on it.

> createFolderHierarchy("/polyphemus/data/pooled")

This function creates one folder per chromosome. This folder contains two subfolders, 

pos and wig. Then, the files are moved in their  related subfolder.  The folder pos and wig 

embeds, respectively, the peak position (text) files and the signal intensity wig files.

Figure 2. Folder architecture before (left) and after (right) the folder hierarchy creation.

The second step is the extraction of the count intensities. This is addressed by the getInt() 

function of POLYPHEMUS. This step defines the coding regions enriched in PolII levels. The program 

can filter peaks according to their pvalue (provided as output of the Peak caller in use).. This 

filtering step can be used as refinement step, based on the specificity and sensitivity required 

by the user. Then, a window of user-defined distance is created around the peak’s summit, 

which is then used for the comparisons with the coding region annotation. Peaks presenting 

an overlap with the transcription start  site (TSS)  of  the coding regions are kept for  further 

analysis. The user can save the resulting peaks in a text file.

The  next  step  corresponds  to  the  extraction  of  the  coding  regions  presenting  potential 

transcriptional activity defined by their PolII enrichment.

Each  PolII-enriched  region  is  extended  upstream  and  downstream  by  a  user  defined 

distance,  which is  supposed to recover PolII  binding patterns  present beyond the coding 

region  annotations.  The  default  extension  distances  are  500  bp  upstream  and  2000  bp 

downstream the region (This asymmetry being the consequence of empirical observations). 

Then, an overlapping sliding window rolls on the extended PolII-enriched coding regions in 

order to extract the count intensity, i.e. the median of the read counts in the window. The 

user can set the size of the window and the shift span. Finally, coding regions located on the 



negative strand of the DNA are reversed with  the purpose of  allowing further  analysis  by 

placing the TSS peak at the left side in all the profiles. An example of the function is shown 

below:

>int<-getInt(folderPath=polyphemus/data/ATRA/chr19", 
medichiProc = c(300, 0.1, NULL), 

prepost = c(0, 0),
window = 1000, 

 span = 500,
denomTrack="EtOH", 
dataBaseFile=”polyphemus/data/mouserefseq-genenames.txt”)

The function returns an object (list) for each profiles. It contains at least four elements for a 

binary comparison (two tracks).

More details about the function can be found using the help() function :

> help(getInt)

The main feature of  POLYPHEMUS is the normalization of the PolII profiles. It is done using 

the  getNorm() function.  This  provides  three normalization procedures.  Choosing a "linear" 

normalization, a correction factor is applied such that the sum of the intensities is the same for 

all the tracks. This normalisation approach has been implemented for comparative purpose 

with  the  other  two  non-linear  methods.  Choosing  a  local  normalisation,  "lowess" or 

"quantile", a correction factor is locally calculated and applied to the track intensities. This 

turns  to  be more reliable than classic  "linear" normalisation.  Taslim et  al. [7]  previously 

discussed the use of Lowess for normalisation treatment of PolII ChIP-seq data. However when 

dealing with more than two samples, the "quantile" procedure turns to be more suitable as it 

requires less computing time. The "lowess" normalization used the lowess implementation of 

the R base package. The "quantile" procedure used the normalizeQuantiles of the limma 

[8] package. An example is shown below :

> intNorm <- getNorm(objInt = int,

 norm = "quantile",
 lowessSpan = NULL,
 mva = TRUE)

int is  the  intensity  object  previously  obtained.  The  “quantile” method  is  applied.  If 

mva=TRUE, the plot in figure 3 is displayed. 



Figure 3. MVA plot before (raw) and after normalisation. The green cloud points show the transformed 

data and the red line represents the fitted line. After quantile normalization, the red line perfectly fitted 

the grey dotted line (log ratio = 0) illustrating the efficiency of the normalization treatment.

More details about the function can be found using the help() function :

> help(getNorm)

The  previous  functions  can  be  wrapped  using  gwComp().  This  wrapper  performs  all  the 

previously mentioned steps  (hierarchy of  folders,  intensity  extraction,  normalization…) and 

returns a table that can be used in clustering software (MeV, R etc…). 

> ex <- gwComp(InitDir=" polyphemus/data/ATRA",

posProcParam=c(300, 0.1,NA), denomTrack="EtOH", 

dataBase="polyphemus/data/mouserefseq-genenames.txt",

normMethod="quantile",  stretched  =50,  TSSLength  =  10, 

window=1000, span=500,prepost=c(0,0), outIntTable=TRUE, plotMVA=TRUE) 



More details about the function can be found using the help() function :

> help(gwComp)

Session info

This user’s guide works with the following configuration and package versions.

> sessionInfo()

R version 2.11.1 (2010-05-31) 

x86_64-apple-darwin9.8.0 

locale:

[1] fr_CH.utf-8/fr_CH.utf-8/fr_FR/C/fr_CH.utf-8/fr_CH.utf-8

attached base packages:

[1] stats     graphics  grDevices utils     datasets  methods   base 

other attached packages:

[1]  limma_3.4.4        R.utils_1.4.4      R.oo_1.7.3 

R.methodsS3_1.2.0

[5]  multicore_0.1-3    RUnit_0.4.25       zoo_1.6-4 

IRanges_1.6.13   

loaded via a namespace (and not attached):

[1] grid_2.11.1    lattice_0.18-8
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