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Abstract  RNAspace  is  an environment  that  allows to  create  web sites  dedicated  to  non-
protein-coding RNA (ncRNA) prediction, annotation and analysis. The web sites allow users to  
run a variety of tools in an integrated and flexible way. RNAspace is focused on the integration  
of  complementary  ncRNA  gene  finders.  It  also  offers  a  set  of  tools  for  the  comparison,  
visualization, edition and export of ncRNAs candidates. Predictions can be filtered according to  
a large set of characteristics.
A public web site http://rnaspace.org has been created that allows for on line annotation of a  
complete bacterial genome or a small eukaryotic chromosome. 
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The availability of complete genome sequences and the development of high throughput technologies 
have led to  the  accumulation of  raw biological  data  at  an unprecedented scale.  Whereas  structural  and 
functional protein annotation is now considered as a task which is relatively well solved, ncRNA genes are  
not (or at a weak level) integrated in these environments. This fact can be explained by a few reasons which  
are respectively a recent interest for ncRNA, the absence of general ncRNA prediction methods and the  
difficulty to analyze these molecules with regard to their sequence and structure conservation. The latter task  
generally requires an expertise level not widespread and the need to use analysis and edition tools more 
sophisticated than pure similarity search. The increasing number of ncRNA discovered and the lack of user  
friendly tools  for finding and annotating them, led us to propose to biologists  an  in silico environment 
allowing structural and functional annotations of these molecules. For this purpose, an environment called 
RNAspace  was  developed  that  allows  to  install  dedicated  web  sites  just  by  adjusting  various  global 
parameters (gene finders to consider, maximal size for input genomic sequences ...).

A web site allows to:
o run a variety of ncRNA gene finders in an integrated environment, 
o explore computed results with dedicated tools for comparison, visualization, alignment and edition,
o and export them in various formats (FASTA, GFF, RNAML). 

Gene finders are organized into three categories containing respectively :
1] known ncRNA based gene finders including (i) sequence homology search tools: BLAST [1], YASS 

[2] on ncRNA databases: Rfam [3], fRNAdb [4], miRBase [5], (ii) general purpose ncRNA motif 
search  tools:  Infernal  [6],  Darn  [7],  Erpin  [8],  (iii)  specialized  search  tools:  RNAmmer  for 
ribosomal RNAs [9], tRNAscan_SE [10] for transfer RNAs;

2] a comparative analysis gene finder: an ad hoc pipeline [11] has been implemented based on BLAST 
or YASS for similarities search and caRNAc [12] or RNAz [13] for consensus structure inference;

3] an ab initio gene finder based on detection of atypical GC% regions.
All gene finders can be run with default parameters values. However it is also possible for users, through a 
dedicated interface, to set some of these parameters to specific values according to the level of knowledge of 
biological data and user expertize. 

http://rnaspace.org/


Once the execution of selected gene finders is achieved, combination of predictions is possible on demand.  
For example, predictions that have only tiny differences in positions  on the input genomic sequence  are 
merged into a single prediction. This avoids having a lot of redundant predictions for ncRNA families (e.g. 
tRNA)  predicted  by  several  gene  finders.  An  overview of  all  putative  ncRNAs  found on  the  genomic 
sequence is provided. Their main characteristics are displayed in a list that can be dynamically explored by  
sorting and filtering its content. For each putative ncRNA or a selection of them, more details are computed 
on line (e.g., compute and visualize a secondary structure, align a selection of predictions ...). Any putative 
ncRNA could be edited and deleted. It is also possible to visualize putative ncRNAs on the input genomic 
sequence with several genome browsers: JBrowse, CGview, ApolloRNA. Finally, a functionality allows the  
export of candidate ncRNAs in several formats. Thus, it is possible to save them in one or several of the  
proposed formats for a future usage in others contexts (literature …).

The environment  relies  on collaboratively-developed code using the Python language and the HTTP 
framework CherryPy (see http://cherrypy.org for more detail). The code is open source under GPL license 
and is available on Source Forge (https://sourceforge.net/projects/rnaspace/). It has been conceived to be as 
parameterizable  and extensible  as  possible.  This  allows  to  configure  web sites  for  special  uses:  A site  
dedicated to a species with limited accesses, a site shared by a group of biologists ... Parametrization of a site 
includes declaration of available gene-finders, limits for process time execution, disk space, storage duration, 
execution on a connected computer cluster via a job scheduler. It is also worth to note that the environment 
could be used in command line and thus inserted in a pipeline.

Using the RNAspace environment, a public site http://rnaspace.org has been created. It accepts genomic 
sequences up to 5Mb, which permits on line annotation of a complete bacterial genome or a small eukaryotic  
chromosome. Computations are executed on the computer cluster of the Genotoul bioinformatic platform. 
For example, it is possible to get an annotation for the  E. coli  genome (4.9M nucleotides) using a wide 
selection of gene finders and recovering the majority of known RNA genes in less than one hour.

In the near future, we plan to incorporate supplementary prediction approaches, to provide more advanced 
methods  to  eliminate  redundant  results,  to  include  information  on  the  genomic  context, to  define  and 
compute a common normalized prediction score (indeed some gene finders now provide a score but these 
scores are not comparable). Furthermore with the huge quantity of high-throughput sequencing data obtained 
by transcriptome studies, it is also highly desirable to consider RNAseq and sRNAseq data. We will consider 
handling  such  large  sequence  sets  of  NGS  data  for  the  annotation  and  quantification  of  non-coding 
transcripts and the search for potential targets of regulatory RNA acting through RNA-RNA interactions.
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