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ABSTRACT

BLOG (Barcoding with LOGic) is a diagnostic and character-based DNA Barcode analysis method. Its aim is to
classify specimens to species based on DNA Barcode sequences and on a supervised machine learning approach,
using classification rules that compactly characterize species in terms of DNA Barcode locations of key diagnostic
nucleotides. The BLOG 2.0 software, its fundamental modules, online/offline user interfaces and recent improve-
ments are described. These improvements affect both methodology and software design, and lead to the availability
of different releases on the website http://dmb.iasi.cnr.it/blog-downloads.php. Previous and new experimental tests

show that BLOG 2.0 outperforms previous versions as well as other DNA Barcode analysis methods.
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BLOG 2.0

The specimen classification technique named DNA
Barcoding was proposed by Hebert et al. (Hebert et al.
2003). A short DNA sequence from a small portion of the
mitochondrial DNA, the gene cytochrome c oxidase sub-
unit I (COI), was chosen as Barcode for animals and, more
recently, a combination of two different gene regions (rbcL
and matK) was defined as Barcode for plants (CBOL Plant
Working Group 2009); the internal transcribed spacer
(ITS) gene region was proposed as a universal Barcode
marker for Fungi (Schoch et al. 2012). These small portions
of the DNA present high variability, also between closely
related species, and are considered to contain sufficient
information to classify a specimen to species. DNA Bar-
coding may, in certain contexts, be applied also to the
more general problem of taxa classification; however, the
types of Barcode adopted in this work and in the related
literature have always been used for specimen classifica-
tion at the species level of the phylogenetic tree.

Several data analysis methods have been developed
and adopted to automatically classify a DNA Barcode
sequence to a predefined species, such as tree-based
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methods, similarity-based methods and diagnostic meth-
ods. For a complete survey refer to.

(van Velzen et al. 2012). Most of these methods are
available on online services, like http:/ /bol.uvm.edu (Sar-
kar & Trizna 2011) and http://www.boldsystems.org
(Ratnasingham & Hebert 2007).

The classification problem may be formulated in the
following way: given a reference library composed of
DNA Barcode specimen sequences of known species and
an unknown DNA Barcode sequence, recognize the latter
into a species that is present in the library.

In this application note we present version 2.0 of the
character-based diagnostic DNA Barcode analysis
method BLOG, which is an evolution of the logic data
mining method already described in (Bertolazzi et al.
2009). BLOG identifies for each species in the reference
library the distinctive nucleotide positions of the DNA
Barcode sequences, and assigns to each species logic
classification formulas — small rules in the form of
“if-then” — that are able to characterize a species in a
compact way. An example of a BLOG rule is

“if pos40 = T and pos265 = T then the specimen is classi-
fied as Ompok bimaculatus” .

A distinctive advantage of BLOG compared with
other available methods is that such logic formulas offer
additional species-level information that can be used
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outside the scope of DNA barcoding, for example, in

species description, in molecular detection (van Velzen

et al. 2012) or in phylogenetic analysis.
BLOG is based on two main computational steps:

1 Feature selection: BLOG selects a small set of positions
of the DNA Barcode sequences that are suited to dis-
tinguish among the species in the reference library.

2 Formula extraction: BLOG computes the logic formu-
las that classify each species present in the reference
library.

BLOG uses a supervised machine learning approach:
the user has to provide as input a training set containing
specimens with a priori known species membership.
Based on this training set, the software selects suitable
nucleotide positions (feature selection) and computes the
logic formulas for species classification (formula extrac-
tion). Subsequently, the logic formulas can be applied to
a test set which contains specimens that require classifi-
cation. The test set can contain query specimens with
unknown species membership or, alternatively, speci-
mens that also have a priori known species membership,
allowing verification of the specimen classifications.
BLOG is designed to identify the locations of key diag-
nostic nucleotides for each species in a fully defined
training set: to obtain reliable results, the testing set has
to contain only specimens from the same species that are
present in the training set. Also, a complete reference
library of polymorphisms for each species is required in
the training set to avoid false negatives.

The main evolutions of BLOG 2.0 reside in the avail-
ability of enhanced user interfaces, in a new classification
algorithm, in the re-engineering of the software, in the
format of its output, and in an optimized selection crite-
ria of the candidate distinctive nucleotide positions.

Input and output

Input files are DNA Barcode sequence in standard FAS-
TA format (Pearson 1990). The sequences have to be of
the same region or pre-aligned to the same region before
being processed by BLOG (e.g. sub-segments of COI or
rbel).

Output of BLOG are logic formulas for species classi-
fication, classification rates and confusion matrices. The
logic formulas are small ‘if-then rules’ which assign a
specimen to the species. Classification rates are given as
number and percentage of correct, incorrect and not
classified specimens. Confusion matrices give detail
information on classification accuracy and cross-classifi-
cation. The i-j cell of the matrix represents the number of
specimens from species i predicted to be of species j.
Correctly classified elements are on the main diagonal of
the confusion matrix.

Feature selection

The first computational step of BLOG is the extraction of
species-specific positions of the DNA Barcode sequences
from the training set. The feature selection approach of
BLOG is based on the mathematical optimization formu-
lation described in (Bertolazzi et al. 2010). This approach
has proven efficient and effective in many applications,
such as classification of biological sequences (Bertolazzi
et al. 2009, 2010; Weitschek et al. 2011, 2012a,b; van
Velzen et al. 2012), and the analysis of numerical data
such as gene expression profiles (Arisi et al. 2011; Weit-
schek et al. 2012a,b). As shown in the cited references,
the mathematical formulation of the feature selection
problem is NP-hard and cannot be solved at optimality
for large instances. BLOG adopts an effective heuristic
algorithm based on randomized search that is able to
produce solution of high quality in limited time (a feasi-
ble solution is produced in linear time in problem size).
The solution time is driven by the number of iterations —
a user defined parameter — and experimentally it was
verified that for Barcode instances such parameter needs
to grow linearly with problem size.

Previous versions of BLOG (Bertolazzi et al. 2009)
applied the feature selection step simultaneously on all
species in the reference database. However, features that
allow separation of one species are not necessarily useful
for separating another. BLOG 2.0 therefore can apply the
feature selection step separately to each species in
the reference library. In each feature selection step, the
considered species is assigned class A and all the other
species class B. Consequently, m different instances of
the feature selection problem have to be solved for each
analysis run, where m is the number of species in the
training set. A large computation time would be needed
with exact algorithms which further justifies the use of
the GRASP heuristic.

Formula extraction

The aim of the formula extraction step is to produce a
logic formula (or rule) separating each species. BLOG
adopts the Lsquare method (Felici & Truemper 2002),
where the extraction of logic formulas is obtained by the
solution of a sequence of well-known and hard logic
optimization problem in the form of Minimum Cost
Satisfiability Problems (MinSat). An extensive explanation
of Lsquare and on the MinSat formulation is available in
(Felici & Truemper 2002, 2006). Each literal of a formula
represents an assignment of a nucleotide (i.e. A,T,G or C)
to a particular position in the DNA Barcode sequence.
Previous versions of BLOG commonly produced
formulas with both positive and negative literals (e.g.
pos40 = NOT T) to minimize formulas size. However,
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negative literals recognize three different nucleotides
making them potentially less precise than positive liter-
als (e.g. pos40 =G OR pos40 = C would be a more
precise formula than pos40 = NOT T). Therefore, BLOG
2.0 allows increasing the cost of the negative literals in
the MinSat problem formulations to prevalently output
positive literals.

Classification

Before evaluating the test set, BLOG 2.0 performs an
evaluation of the training set with the aim to assign rela-
tive weights to the logic formulas, according to the algo-
rithm described in (Weitschek et al. 2011): the Laplace
Score (Tan et al. 2005), the false positive and true positive
rates are computed for every logic formula over the ref-
erence library, these scores are then considered in the test
set for performing the classification assignments.

A typical complete experimental run (consisting in
1000 specimens belonging to 50 species) with BLOG 2.0
requires less than five minutes on a standard desktop
machine (Intel Core i5, 4GB RAM).

Releases

Three releases of BLOG 2.0 are available, Graphical user
interface, Command-line interface and a Web release;
they are described in detail below.

Graphical user interface

An offline graphical user interface release is available
for download on http://dmb.iasi.cnr.it/blog-downl
oads.php. We suggest this release of BLOG 2.0 for most
users, who wish to fine tune the analysis and run the
software on their own computers (Linux and Windows)
as it has the most user-friendly interface. Users can
graphically view the DNA Barcode sequences, load
training and test files, execute BLOG 2.0 and view the
classification results and the logic formulas for each
species present in the data set. The offline graphic user
interface has been implemented with the Java Swing
framework. A complete user manual for this version is
provided in the BLOG-2-GUI-manual.pdf supplemen-
tary material file.

Command-line interface

For performing intensive experimentations, we suggest
to use the offline command-line version, which is avail-
able for download at http://dmb.iasi.cnr.it/blog-down-
loads.php. With this version, the user can organize
experiments in batches and read the output in different
files for each run. Executables of the BLOG software are
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available for Linux and Windows, and the C source code
is released for compilation on other operating systems.
A complete user manual for this version is provided in
the supplementary material file.
BLOG2-COMMAND-LINE-README .txt.

Web release

A simple web user interface of BLOG is available at
http://dmb.iasi.cnr.it/blog.php. Data (training and test
sets) can be uploaded through an input form and results
the (classification rates, logic formulas and confusion
matrices) are returned in CSV (Comma Separated
Values) text files, which are easily readable by a common
spreadsheet software. In addition, a compressed archive
containing all results is sent to the user via email. We
direct the users to http://dmb.iasi.cnr.it/blog.php for
additional information and usage instruction for this
release. The BLOG web service has been released on a
Linux server (Ubuntu Server distribution), using a LAMP
platform (Linux Kernel 2.6.32, Apache 2.2.14, PHP 5.2)
with a Java job queuing system that relies on a MySQL
database (v. 5.1.41).

Discussion and conclusions

The BLOG 2.0 system has already been experimentally
tested on various data sets (COI, ITS) and accurately
compared with other competing methods in (Weitschek
et al. 2011) and in (van Velzen et al. 2012).

Weitschek et al. (2011) found BLOG 2.0 outperformed
BLOG 1.0 based on three empirical DNA Barcode data
sets (bats, fishes and birds, available on http://dmb.iasi.
cnr.it/blog-downloads.php).

In van Velzen et al. (2012), a comparison of the rela-
tive performance of DNA Barcode data analysis methods
in identifying recently diverged species was performed.
The authors compared tree-based methods, similarity-
based methods and diagnostic methods using simulated,
as well as empirical DNA Barcode data sets (all available
on http://dmb.iasi.cnr.it/blog-downloads.php). The
diagnostic method BLOG had highest correct query iden-
tification rate based on simulated as well as empirical
data, indicating that it is a consistently better method
overall.

To consolidate the performance of BLOG, the soft-
ware was tested on two new data sets, the first com-
posed of internal transcribed spacer (ITS) gene region
Barcode fungi sequences and the second containing
ribulose-bisphosphate carboxylase gene (rbcl) region
green algae Barcode sequences (both available on
http:/ /dmb.iasi.cnr.it/blog-downloads.php). In particu-
lar, 50 fungi sequences belonging to eight different
species in the Dikarya subkingdom and 26 green algae
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sequences of five different species in the Haematococca-
ceae family were extracted from BOLD (Ratnasingham &
Hebert 2007). The results were in line with the classifica-
tion rates obtained with previous experiments on COI
and ITS sequences: for fungi 92% correct classification
rates (sensitivity 0.923, specificity 1), for algae 100%
correct classification rates (sensitivity 1, specificity 1) and
compact classification formulas composed of one or two
nucleotides locations.

Beyond the promising classification results, the dis-
tinctive advantage of BLOG is the output of the model,
which gives a compact and precise description of species
in the reference library. BLOG offers additional species-
level information —the logic classification formulas — that
may also be used outside the scope of DNA barcoding,
in species description or in molecular detection.
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