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Motivation 
Mitochondrial DNA (mtDNA) is the molecule of choice for phylogenetic reconstructions, espe-
cially among metazoans and its wide use is well-documented by the development of various 
specialized mt databases (mtDBs), such as GOBASE (1), OGRe (2), MitBASE (3), AMiGA (4), MamMi-
Base (5), Mitome (6) and the NCBI Organelle resources database (7). These mtDBs are useful for 
retrieving sequences and basic information on all  or some metazoan mtDNAs, even though 
many of them suffer from the same misannotations affecting the original RefSeq and EMBL en-
tries, or from some flaws in the database structure and/or in the user interface, or implement 
the search for specific features in an ineffective way. For example, the NCBI Organelle Resour-
ces and GOBASE, which claim to be well-validated resources, still fail to rectify the large num-
ber of errors present in the original entries, while in OGRe, the noteworthy possibility to compa-
re the mt gene order is allowed only via a graphic representation, thus its efficacy is questiona-
ble. Finally, in many mtDBs it is difficult to simultaneously extract a given mt feature for a large 
dataset. In conclusion, existing mtDBs are far from being powerful tools for thorough analyses 
of the copious mtDNA data publicly available. Here we describe a new specialized database, Mi-
toZoa, collecting Metazoa mtDNA entries whose annotation has been enriched and drastically 
improved thanks to a semi-automatic pipeline. 

Methods 
The Mitozoa system consists of a relational database and a web interface. The data model is 
optimized for efficient storage and data retrieval. The used dbms is MySQL Enterprise 5.0 to 
ensure high availability of the system. A generalized parsing module simplifies the process of 
automatically incorporating and updating information. Using the SQL client we have the ability 
to perform a wide range of powerful queries. A set of PHP scripts allows the users, through the 
web interface to build queries without any knowledge of SQL. Data are output in web-table for-
mat, moreover information and sequences can be downloaded in excel and zip format, respec-
tively. The first release of MitoZoa contains the >1200 metazoan mtDNA entries revised in Gissi 
et al  (8), where it was reported that about 30% were affected by errors, and will be updated 
thanks to an automatic query via SRS@EBI. Entries are in the standard Embl format, and inclu-
de a brand new Comment field listing all identified errors and introduced changes via standar-
dized messages, along with information about the original RefSeq/EMBL entry. MitoZoa is main-
tained by a suite of scripts written in Python 2.5. Briefly, these scripts parse the information 
contained in the entries in order to standardize gene names, check for errors concerning the 
complete/partial status of the genome, and supply with notes or correct the original tRNA and 
rRNA gene annotations. In particular, the name of tRNA genes is completed by data on the anti-
codon, the recognized codons (in the case of more tRNAs loading the same amino acid), or 
other peculiarities. The identity and boundaries of tRNA genes are checked using tRNA-specific 
patterns defined and searched by PatSearch  (9) and home-made scripts inspecting the tRNA 
length, respectively: if necessary, tRNAscan-SE (10) or Arwen (11) are applied to rectify or recalcu-
late tRNA limits. A Python module extracts all intergenic non-coding regions (NCRs) and put 
them in the feature table (FT) as a new FTkey. Finally, the gene order is calculated and extrac-
ted into an easy-to-manage fasta-like format, where genes are reported with standardized na-
mes. 

Results 
MitoZoa represents a new and reliable tool for researches aiming to perform metazoan phylo-
genetic reconstructions or evolutionary genomics analyses of under-investigated mt features, 
such as NCRs and gene order. In fact, the database improves the annotation of the currently 



available mtDNAs, thanks to an automatic rectification of known or foreseeable mistakes. High 
quality annotation standards are also guaranteed since the most troublesome entries are flag-
ged for human intervention and a note is added when it is not possible to unambiguously resol-
ve strange mt annotations. Besides standardizing gene names, MitoZoa is the first database fo-
cusing on the accuracy of tRNA genes, particularly their orientation, limits and recognized anti-
codon. The correctness of annotation is an important issue also for NCRs, which are inserted in 
each entry as a novel key of the FT, giving the user easy means for displaying/downloading 
them based on length and/or bordering genes. A similar consideration holds for gene order, 
which is easily downloadable in a fasta-like format apt to be input in programs analyzing gene 
order rearrangements. Finally, MitoZoa contains a page dedicated to major statistics on the 
type and number of errors corrected during the re-annotation pipeline, which will hopefully lead 
to better the quality of mtDNAs present in both specialized and primary databases. 
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