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Background

The identification of active transcriptional regulatory elements is an important step towards the 
understanding  of  transcriptional  regulation  [1-3].  One  of  the  first  step  required  to 
transcriptional activation is the release of the DNA form the chromatin, i.e., the local depletion 
of  nucleosomes.  It  has been previously shown that  cis-regulatory elements co-located with 
nucleosome  depleted  regions [2,  4].  One  approach  to  identify  those  regions  is  the  use  of 
formaldehyde-assisted  isolation  of  regulatory  elements  (FAIRE).  In  FAIRE,  chromosomal 
regions are cross-linked to histones by formaldehyde treatment [5-7]. Thus, regulatory DNA 
regions would be open and barely cross-linked to proteins. Such genome segments can now be 
analyzed  by  quantitative  PCR,  hybridization  to  genome  tiling  arrays  or  next  generation 
sequencing (NGS).  These assays can be used to identify differences in chromatin structure 
across cell types or conditions. Differentially nucleosome-depleted regions identified, under 
certain conditions, could lead to the discovery of novel regulatory elements [8-9].

So far,  FAIRE assays  have been applied to  organisms whose genome sequence is  known. 
However,  obtaining  the  genome  sequence  for  economically  important  organisms  is  still  a 
challenge,  e.g,  Sugarcane;  due  to  several  factors,  including,  high  levels  of  ploidy,  highly 
repetive  nature,  among  others.  There  is  a  need  to  develop  new  methods  using  NGS 
technologies  to  uncover  different  characteristics  on  those  genomes,  e.g.,  transcriptional 
regulatory elements. Here we will explore the use of FAIRESeq to achieve this. We count with 
FAIRESeq data from the green algae  Chlamydomonas reinhardtii  and from the angiosperm 
model plant Arabidopsis thaliana. The genome sequence of those two species is fully known 
and well annotated. This will allow us to evaluate the power of FAIRESeq data to uncover 
transcriptional  regulatory  elements  without  the  use  of  a  reference  genome.  We  will  also 
evaluate the use of the genome sequence of a related species as a reference.

Objectives

General

Evaluate the power of FAIRESeq data in a case where no reference genome for the same species is 
available



Specific

1. To familiarize with the pre-processing and processing of NGS data for the identification of 
transcription regulatory regions.

2. To de novo assemble FAIRESeq data in different species (Chlamydomonas reinhardtii and 
Arabidopsis thaliana) aiming at the identification of regulatory regions.

3. To run an existing pipeline for the traditional, i.e., using a reference genome for the same 
species, identification of FAIRESeq data. 

4. To implement a workflow for the identification of FAIRESeq peaks using as reference the 
genome of a related species.

5. To compare the results of the different approaches (objectives 2, 3 and 4)

Methods

This projects has the following steps, for each we provide the name of the software packages that can 
be used.

1. Pre-processing of raw NGS data

◦ FASTQC

◦ FASTX Toolkit

◦ NGS Backbone

2. de novo assembly of clean NGS data

◦ Velvet

◦ SOPAdenovo

3. Mapping of NGS data to reference genomes

◦ Bowtie

◦ BWA

◦ SHRiMP

4. Peak Calling

◦ MOSAICS

◦ CSAR

◦ MACS

5. Comparison of methods

◦ Venn diagrams

◦ BED tools

◦ Matthews correlation
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