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Introduction 
RegulonDB [4] is a database with manually curated knowledge extracted from the literature 
describing knowledge of transcriptional regulation in E. coli K-12. It contains objects such as 
genes, promoters, transcription factor binding sites (TFBSs), transcription factors (TFs), 
terminators and operons. It contains relations among those objects, such as regulatory 
interactions among TFs and genes, promoters and operons. An important piece of information 
for the adequate description of knowledge on gene regulation is that of growth conditions (GC) 
and their corresponding control conditions (CC), which are used in experiments to identify 
regulatory interactions. Currently RegulonDB has only a small set of GCs, which are known to 
activate or repress the transcription of a few genes. A list of the mechanisms by means of which 
the GCs affect gene expression is still missing. 
 
The process of curation of the GC would require keeping track of a large amount of data about 
the experiment, such as the name of the GC, the control of the experiment, the growth media 
used, the temperature, the pH, the type of effect (induction or repression) provoked by the 
transition from CC to GC to the regulated gene, the TF and sigma factor involved, when known, 
in such regulatory mechanism. Thus, the biocuration challenge we face is to extract this type of 
relevant information from the large corpus of around 5,000 papers, supporting the knowledge of 
mechanisms present in RegulonDB with experiments performed since the 80s or even 70s to 
date. Doing this work manually would involve a considerable amount of time. This challenge 
motivated us to initiate our collaboration with experts in text mining tools, and use resources 
such as OntoGene/ODIN, to simplify and as such accelerate our curation. 
 
The goal of this project is to verify which GCs activate or inhibit the transcription of the genes of 
E. coli, as well as to identify the type of mechanism used. In a first instance we can determine the 
type of mechanism based upon the identification of the TF and the effect it causes on some of the 
regulated genes under the given GC. Therefore we will try to identify the name of the 
experimental condition, the affected gene, the type of effect, and the TF involved in such 
regulatory process.  
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OntoGene/ODIN provides a flexible, customizable environment for document-centric curation 
approaches. The OntoGene team at the University of Zurich, working in collaboration with 
RegulonDB curators, adapted ODIN to the specific needs of this project. Ontogene/ODIN has 
been previously described in several publications [1-3]. In the rest of this short paper we describe 
the results of the experiment on curation of GC for RegulonDB using ODIN. 
 
Methods 
We used the complete list of genes of E. coli from RegulonDB for building dictionaries to be 
used by OntoGene/ODIN. Additionally RegulonDB provides words that indicate the type of 
effect caused under a given GC (activation, repression and a complete list of their synonyms).  
Our initial work has been performed on a set of 46 articles from RegulonDB that were selected 
because of their connection with the genes related to the regulon of OxyR, and with the 
regulatory interactions, operons, promoters and terminators of those genes. The articles have 
been automatically annotated by the OntoGene pipeline using the terminology provided by 
RegulonDB, which includes types such as GENE, EFFECT, Transcription Factors (TF), etc. 
We use the sentence filters of ODIN to visualize, in those 46 articles, only those sentences 
containing the name of a GENE and a word of type EFFECT. Since we know that OxyR is a TF 
which is involved in the regulation of genes which respond to oxidative stress, we expect to find 
relevant data about GC in that set of articles.  
 
Since we have only an incomplete list of GC we cannot use the elements of the list as a filtering 
criteria to select relevant sentences in ODIN, since such a choice would severely limit the results. 
Our goal is in fact to discover the possible names and synonyms for GC. Because of that reason, 
after applying the filter, we use the automatically annotated genes and effects, but we manually 
mark previously missing GCs, in order to generate an extended set of such conditions. 
 
Results 
There were 36 out of the 46 articles with at least one sentence containing GCs-related 
information, which show the effect of a GC on the expression of at least one gene (see example 
in figure 1). Of these 36 articles, 20 contain at least one sentence that describes the mechanism of 
regulation at work under the specified GC. See an example in figure 2. 
 
Figure 1.  

 
 
Figure 2. 
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Other types of sentences found are those containing only information about the regulation of a 
gene by a TF (Regulatory Interaction), without mentioning the GC. 
 
These results show that ODIN is a very useful instrument to help in the manual curation of 
RegulonDB. Some observations made during this experiment will help generate improved 
versions of the tools and terminological resources. For example, since all TFs are also genes, 
they received a duplicate annotation. However, if we want to curate only GC-related sentences, it 
would be better not to include the TFs in the list of genes used as a filter, because the terms 
related to an EFFECT, which are found in a sentence with GC, are also found in the sentences 
that contain only information of regulatory interactions. We also encountered GC-related data 
that regulate the activity of the TFs, and their mechanism, even if not necessarily at the level of 
transcription. This is also useful information for RegulonDB. 
 
We spotted some errors in the automated annotation of some gene names. In particular short 
words (typically 4 letters or less) might also happen to be gene names. For example, “fold” is 
frequently used to express the level of expression of a gene, rather than to refer to the gene of the 
same name. Such errors were manually corrected. 
 
A long-term goal is to use the system for a more specific, accurate and efficient curation. In the 
process of the experiment described above, we realized that it would be useful to be able to 
distinguish interrogative or hypothetical sentences from affirmative ones, since only the latter 
provide reliable data for curation. Another problem to solve is the lack of clarity when a mutant 
is mentioned in a sentence, without a description in the same sentence, since the sentence-based 
curation approach hides the information needed for complete understanding (being it contained 
in a non-selected sentence). A similar problem is caused by anaphoric mentions such as “this 
gene”, where the actual name of the gene is mentioned in a previous sentence, which might not 
be shown when the filter is active.  
 
As soon as we have a complete list of GC, we will be able to use the ODIN sentence filters to 
allow a very detailed inspection of the documents and obtain more specific results.  
An additional result of this practical experiment was to collect different ways in which GCs 
terms are described in articles. For example, stress conditions with hydrogen peroxide and 
exponential phase are written in different phrases with different words, such as:  
 

• H202, H2O2 exposure, H2O2 stress, H2O2 treatment, H2O2 - stressed cells, hydrogen 
peroxide, presence of hydrogen peroxide, exposure to hydrogen peroxide, hydrogen 
peroxide treatment, high concentrations of hydrogen peroxide, treated with hydrogen 
peroxide, treatment with hydrogen peroxide 

• during growth, exponentially growing, exponential growth, exponential phase, 
exponentially growing cells, logarithmic – phase, log phase 
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Analysis of the paper: PMID 21908668 
The article with PMID 21908668 was analyzed in detail. The sentence splitter currently used in 
the OntoGene system identifies 841 sentences in this paper, although without the references there 
are only 327 of them. When the “GENE and EFFECT” filter was applied, 78 sentences were 
selected (three of them are part of the references).  
 
From the total of 78 sentences: 18 sentences describe the regulation of a TF on a gene (TF-gene 
regulation) under a specific condition (TF-gene-GC); three sentences describe TF-gene 
regulation as well as the regulation of a GC on a gene (GC-gene regulation), although generally 
it is the same gene in both cases, it is not shown clearly the dependence of the GC with the TF. 
13 sentences describe only GC-gene regulation. 12 sentences describe only TF-gene regulation. 
Five sentences are not clear, because they are questions, and not affirmative or negative 
sentences; 13 sentences contain general data about TF, e.g., it could be mentioned that a such TF 
is regulating a set of genes, but it is not specified to which genes; and finally 14 sentences do not 
contain the expected data, for example this group could have another kind of regulation where a 
TF or a GC  is not involved. 
 
In summary:  
 

18 TF-gene- GC 
3 TF-gene + GC-gene 
13 GC-gene 
12 TF-gene 
5 Confusing sentences 
13 TF 
14 Nothing 

 
The sentences that we expect to find belong to the first four groups, they represent 65% of the 
sentences when they are filtered. We also have the option to eliminate the TF group (with 13 
sentences) if we exclude from the list of genes the names of the TFs. This would change the 
relevant set of sentences from 65 to 78%.  
 
Conclusion and future work 
The experiment clearly shows that efficient text mining tools coupled with a customized 
interface can significantly increase the efficiency and productivity of specific biocuration 
activities. The activity described in this paper required about 20 hours for the curation of 46 
papers. Since the normal curation process at RegulonDB requires about four hours per paper, it 
can be estimated that the same activity, without the support of OntoGene/ODIN, would have 
required about 184 hours. It seems therefore that the careful introduction of sophisticated text 
mining and curation tools can improve the efficiency of curation nearly 10-fold. 
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We intend to continue the activities described in this paper within the scope of a planned 
collaborative project with curators of RegulonDB group and with the support of the OntoGene 
team. The goal is to gradually automatize much of the most tedious activities of the curation 
process, and therefore free up the creative resources of the curators for more challenging tasks, 
and enabling a much more efficient curation process.  
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