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Motivation

Population genetics studies based on the analysis of mtDNA and mitochondrial disease studies
have produced a huge quantity of sequence data and related information. These data, classified
as RFLPs, mtDNA SNPs, pathogenic mutations, HVS1 and HVS2 sequences, and complete mtDNA
sequences, are distributed in databases differently organised:: MITOMAP [1], HVRBASE [2],
mtSNPs [3] and mtDB [4]. The two latter databases more or less report frequency data associated
with the mitochondrial SNPs, while MITOMAP simply associates the mtSNP to the different
phenotypes. HmtDB, stores human complete mitochondrial genomes annotated with variability
data estimated through the application of specific algorithms implemented in an automatically
running Variability Generation Work Flow (VGWF). Another Work Flow, called Classification Work
Flow (CWF), is implemented to perform the automatic classification of newly sequenced
genomes. The aims of HmtDB are (1) to collect and integrate all human mitochondrial genomes
publicly available, (2) to produce and provide the scientific community with site-specific
nucleotidic and aminoacidic variability data estimated on all available human mitochondrial
genome sequences through the automatic application of VGWEF, (3) to allow researchers to
analyse their own complete or partial mitochondrial genomes in order to automatically detect
the nucleotidic variants respect to the revised Cambridge Reference Sequence (rCRS) and to
predict their haplogroup paternity. At present, 1255 genomes classified according to their
continental origin are stored in HmtDB.

Methods

HmtDB Workflows The execution of both CWF and VGWF requires the application to
multialigned sequences of the variability estimation bioinformatics methods SiteVar [5] and
SiteVarProt [6], running on DNA and Protein sequences revised in collaboration with David
Horner so as to adapt to mitochondrial dynamics. The SiteVar algorithm has been improved by
assigning different scores to transitions and transversions. The SiteVarProt program has been
transformed in MitVarProt where the Blosum-like index has been replaced with mtRev indeces
[7] . A score for gapped sites has been introduced in both the methods. CWF CWF procedure is
performed on a single human mitochondrial sequence (the Query sequence), and is aimed at
predicting its haplogroup paternity by comparing the Query sequence against the rCRS
sequence, thus detecting its mtSNPs patterns. A Genome Card of the analysed genome is
generated and displayed to the user reporting the predicted haplogroup paternity. VGWF VGWF
procedure is performed both on the entire content of the database, and on continent-specific
subsets. It is applied every time the content of the database is consistently updated, as the site-
specific variability software performs statistical estimates whose results significantly change only
in case of a consistent change of the starting data (number of the sequences). In order to make
these results more statistically significant, also bootstrap values are estimated. The simulated



variability values provide an idea of the statistical significance of the dimension of the real
samples: the closer the simulated value to the real value, the more “ideal” the dimension of the
real sample stored in the database.

Results

HmtDB is a bioinformatic platform allowing the storage, query and analysis of human
mitochondrial sequences. It is available on the web through a login procedure; free registration
is required. It is organised in a relational database, storing the human mitochondrial complete
genomes, data related to the sample and the subject from which the mtDNA was extracted, and
the results of the variability analyses performed through the automatically running VGWF
implemented in the resource itself. Five macro-functions have been designed : (1) the browsing
of the database; (2) the analysis of a new human mt genome in order to automatically classify it
according to the updated mt haplogroup classification; (3) the browsing of the previously
performed analyses; (4) the query of the database through (a) a simple text search form or (b) a
multi criteria form made of pop-up menu and free text retrieval windows; (5) the submission of
a new mt human genome. Functions 4 and 5 have been designed but not yet implemented. The
results obtained by the application of the SiteVar program to the continent-specific datasets
have shown that nucleotidic mitochondrial sites presenting discriminating variability values in a
particular geographic area respect to the rest of the world can be considered good population
markers. Thus, VGWF can be considered as a haplogroup predicting tool contributing to the
completion and refinement of the mt haplogroup classification and capable of discovering new
haplogroups and sub haplogroups.
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