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1 Introduction 

1.1 The eukaryotic promoter 

The eukaryotic promoter and the understanding of transcriptional regulation became one of 

the central problems of genetics and genomics during the past years decades. Due to the 

growing number of available full genome sequences, the development of next-generation 

sequencing techniques, array based experimental methods, increasingly sophisticated 

bioinformatics tools and growing computational capacity, it is now possible to analyze a 

large number of regulatory regions, namely promoters. Since the eukaryotic promoter works 

on an order of magnitude more complicated level, compared to the prokaryotic promoters 

analyzed at first, it is necessary to develop new and different methods for their analysis. 

The promoter elements and regulatory functions thought to be general at first, such as the 

TATA-box, are not present in all promoter regions. Also, in the regulatory regions of 

ortohologous gene clusters, or genes showing identical or similar expression profiles, it is 

much harder to annotate putative transcriptional factor binding sites, and predict the 

expression and function of a gene. 

1.2 ’In silico’ analysis of transcriptional regulation 

The various in silico bioinformatics methods can be of great help in the survey of promoters 

and transcriptional regulation. Dozens of statistical methods, algorhytms, tools and software 

suites are available for the analysis and prediction of promoters or known and unknown 

transcription factor binding sites. The methods can be grouped into two large categories: 

either it is possible to rely on experimental data and search for known transcription factor 

binding sites or de novo binding sites might be predicted with various statistical  and/or 

comparative genomics and bioinformatics approaches. 

In the case of unknown transcription factor binding site prediction, another difference 

between the various methods is the availability and usage of some kind of phylogenetic 

information. During the analysis of different genes within a given species, based on the 

similarities of expression in a given tissue, organ, time point or possibly some environmental 

effect, no phylogenetic information is available. However, if the sequences originate from 

identically or similarly expressing genes of different species’, there is some phylogenetic 

information at hand, therefore the evolutionary conservation between these sequences, and 
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the position of these conserved regions might give some clues on the position of putative 

transcription factor binding sites. 
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2 Aims 

The essential goal of our work was to facilitate the bioinformatics analysis of transcriptional 

regulation, and create different tools, including an orthologous promoter database, 

containing as much promoter regions as possible, supported by a web-based search 

interface. 

Our first task was to develop a method, based on the first exons of a given gene, to search 

for all putative orthologous first exons in publicly available genome sequences. After this, we 

defined the promoters as 500, 1000 and 3000 nucleotide long sequences upstream of the 

first exons. These promoters were deposited in the DoOP database (Database of 

Orthologous Promoters, http://doop.abc.hu). 

Based on the complete genome annotation of Arabidopsis thaliana and Homo sapiens, our 

aim was to generate a database containing chordate (Chordata) and green plant 

(Viridiplantae) promoters respectively. 

Besides these, we also aimed for the detailed analysis of these promoter regions, and the 

definition of evolutionary conserved regions with possible biological roles. Different tools 

were developed, and we investigated the alignment methods and other approaches mostly 

suitable for transcriptional factor binding site detection. 

  

http://doop.abc.hu/
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3 Materials and methods 

3.1 Hardware 

The sequence alignments and BLAST searches ran on a Sun Fire V480R server. The final 

databases, the web search interface and the API are running on a dedicated Dell server. 

3.2 Software and programming languages 

We utilized various scripts during the database development. The scripts were written in the 

5.8 and 5.10 version of the Perl programming language, strongly relying on the Bioperl 

module collection. Several times the EMBOSS software suite was employed. During the 

analysis and representation of the results, the 2.10.0 version of the R statistical 

programming language was used. 

The sequence database searches were carried out with the BLASTN program of the BLAST 

software suite, version 2.2.25. The multiple sequence alignments of the promoters were 

made with the 2.2 version of DIALIGN2, and the Tandem Repeats Finder software was used 

for the masking of simple sequence repeats. 

The search interface and the dynamically generated web pages were developed with the 

help of the PHP language, version 5.2, combined with the CGI modules of Perl. The data was 

stored using the 5.0 version of the MySQL database software. The web interface was made 

complying with XHTML 1.0 Strict and CSS 2 standards. 

3.3 Sequence databases 

The reference sequences of the last version (1.4) of the chordate database were based on 

the human genome annotation of the NCBI (release 36, version 1) from February, 2006. The 

gss (genomic survey sequences), htgs (high throughput genomic sequences), nt (nucleotide 

collection), wgs (whole-genome shotgun reads) and ’other genomic’ sections of the NCBI 

BLAST databases were used, removing all mRNA and non-chordate sequences. 

In the case of the plant database, all 3 available versions (1.5, 1.6, 1.8) were based on the 

TAIR8 release of the Arabidopsis genome annotation from July, 2008. The utilized NCBI 

databases were similar to the plant section, implicitly using only green plant sequences. 
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3.4 Defining monophyletic groups 

Before the detailed analysis of the promoter groups, the sequences were categorized into 

smaller subsets. There were a large number of groups in both database sections where it 

was impossible to define conserved regions because of an orhologous sequence from a 

phylogenetically distant species. To settle this problem, a series of monophyletic subsets 

were defined for each promoter cluster, where the phylogenetic distance grows gradually. 

There were 4 subsets defined in the case of plants, and 10 for the chordates. The plant 

subsets are the following: Brassicaceae, eudicotlyedons, Magnoliophyta and Viridiplantae. 

The chordate subsets are the Primates, Euarchontoglires, Eutheria, Theria, Mammalia, 

Amniota, Tetrapoda, Teleostomi, Vertebrata and Chordata taxonomic groups. 

3.5 Defining conserved regions 

Conserved regions were defined using a modified version of the information content score 

of the sequence alignment. Each column of the multiple sequence alignment was evaluated, 

and all A, C, G and T nucleotides, gaps and other possibly occuring letters (X, N, U) were 

counted. 

                         

 

   

  

The ICseq value was the classical information content value for a given position, between 0 

and 2. N was the number of different symbols, pn was the observed frequency of a symbol, 

between 0 and 1. The modified value was as follows: 

                              

ICmod was the final value, Ntot was the total number of nucleotides (A, C, G, T), Gtot was the 

total number of gaps, and Xtot was the number of other other possibly occuring letters. 

After defining this value, a search was carried out for regions where ICmod reached at least 

80% of the maximum possible value. These were the so called seed motifs, which were 

extended further, in 5’ and 3’ directions, until the ICmod value dropped below 65% of the 

maximum. A consensus sequence was generated, based on these conserved regions. The 

putative motifs were also filtered based on several other attributes. 
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 Minimum length of a motif was 5 nucleotides. Smaller motifs do not give biologically 

meaningful information. 

 Within a given motif the aligned sequence block could not contain more than 20% 

gaps. 

 The consensus sequence of the motif could not contain more than 40% gaps or Ns. 
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4 Discussion of the results 

4.1 Problems emerging during the database development 

 As the Arabidopsis and human genome annotation frequently changes thanks to the 

constantly improved bioinformatics methods and incoming experimental data, we 

had to take into account these changes during the generation of new database 

versions. 

 It was a serious challenge to filter out all duplicates, non adequate taxonomic groups 

or otherwise useless sequences during the database development. 

 Determining the exact ortholog-paralog relations is a challenge even within the 

chordate group, and the plants present a much more serious problem, thanks to the 

dynamic structural properties and evolution of plant genomes. 

 In theory, there are lots of different methods for determining evolutionary conserved 

motifs, however most of them were not scalable for such a large dataset, so we 

decided on using DIALIGN2 and developing our own method. 

 Analysing a 100 or 1000 promoter regions or large datasets is not practical and nearly 

impossible through the web interface, so we had to develop an application 

programming interface for the database. 

4.2 New results 

 Development of an orthologous promoter database, with a plant and a chordate 

section, based on the first exons of Arabidopsis thaliana and Homo sapiens 

respectively. 

 Collecting 500, 1000 and 3000 nucleotides long promoters and organizing them into 

a database, along with their annotation. 

 Defining orthologous subsets within the promoter collections, based on phylogenetic 

distance. 

 Defining evolutionary conserved sequence regions within the orthologous subsets, 

using multiple sequence alignment and analysing the information content of the 

alignment. 

 Development of a motif search tool for fast searches within motif collections. 
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 Development of an application programming interface (API) for the handling and 

analysis of the database. 

 Publication of the database on the internet (http://doop.abc.hu). 

 Development of a search interface for the analysis of the promoter sequences and 

conserved motifs (http://doopsearch.abc.hu). 

  

http://doop.abc.hu/
http://doopsearch.abc.hu/
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