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La bioinformática se enfoca en el desarrollo y aplicación de técnicas de cómputo 
intensivo con la finalidad de incrementar el entendimiento de procesos biológicos. 
En este reporte describimos un sistema computacional compacto (Mini-BLAST) que 
encuentra similitudes entre secuencias de ADN (ácido desoxirribonucleico) en bas-
es de datos bioinformáticas almacenadas de forma local o en configuraciones web. 
Nuestro sistema permite identificar secuencias de genes nuevas, tales como metag-
enomas, a partir de secuencias nucleotídicas conocidas. Dado que esta tarea con-
sume mucho tiempo y recursos computacionales, para genomas grandes se requiere 
procesamiento en paralelo. Desarrollamos una interfaz gráfica amigable al usuario 
que permite introducir de manera simple datos y devuelve análisis estadísticos rep-
resentativos a la salida. Adicionalmente, el usuario puede seleccionar determinados 
organismos de las bases de datos, cuando requiere alineamientos más específicos. 
Este paquete fue diseñado en MS .NET 3.5/4.0 Visual C#, sin embargo funciona sin 
limitaciones en Linux a través del sistema Mono.  

Bioinformatics focuses on developing and applying computationally intensive tech-
niques to increase the understanding of biological processes. In this report we de-
scribe the compact computer system Mini-BLAST, designed to find DNA sequences 
in bioinformatics databases placed in local or web configurations. Our system al-
lows the identification of gene sequences relating to new patterns (metagenome) 
that are not yet identified in such databases, containing data on known nucleotides. 
Such a task is a quite expensive and time consuming operation; therefore, for large 
genomes parallel algorithms are required. We developed a user-friendly graphical 
interface that allows the simple input of query data and outputs representative sta-
tistical analysis. Additionally, users can select particular databases for cases when 
a specific alignment is required. Although the package is developed in MS .NET 
3.5/4.0 Visual C# system, it works with no limitations in Linux through the Mono 
framework.
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1 Introduction

Bioinformatics focuses on developing computation-
ally intensive techniques (e.g., pattern recognition, 
data mining, machine learning algorithms, and visu-
alization) to increase the understanding of biological 
processes. Major research efforts in the field include 
sequence alignment, gene finding, genome-wide as-
sociation studies and the modeling of biological evo-
lution. Bioinformatics now entails the creation and 
advancement of databases, algorithms, and compu-
tational and statistical techniques to solve practical 
problems arising from the management and analysis 
of biological data. Bioinformatics was applied in the 
creation and maintenance of a database (DB) designed 
to store biological information such as nucleotide and 
amino acid sequences. The creation of this type of 
database involved not only design issues but the de-
velopment of complex interfaces whereby researchers 
could access existing data.

Therefore, the field of bioinformatics has evolved 
in such a way that the most pressing task now involves 
the analysis and interpretation of various types of data, 
including nucleotide and amino acid sequences. The 
actual process of analyzing and interpreting data is re-
ferred to as computational biology. Bioinformatics and 
computational biology include the development and 
implementation of tools that enable efficient access to, 
and use and management of, various types of informa-
tion, which allows to assess relationships among com-
ponents of large data sets, such as methods to locate a 
gene within a sequence.

Nowadays the DNA sequences of thousands of or-
ganisms have been decoded and stored in databases. 
This sequence information is analyzed to determine 
genes that encode polypeptides (proteins), RNA genes, 
regulatory sequences, structural motifs, and repetitive 
sequences. Today, computer programs such as BLAST 
[1] are used to search sequences from more than 260 
000 organisms, containing over 190 billion nucleo-
tides. These programs can compensate for mutations 
in the DNA sequence, in order to identify sequences 
that are related, but not identical. They can also be 
used to reconstruct the complete genome. 

Sequence databases can be searched using a va-
riety of methods. The most common is searching for 
a sequence similar to a certain target protein or gene 
whose sequence is already known to the user. BLAST is 
one of the most widely used bioinformatics programs, 

because it addresses a fundamental problem and its 
algorithm emphasizes speed over sensitivity. This em-
phasis on speed is vital to making the algorithm practi-
cal on the huge genome databases currently available, 
although subsequent algorithms can be even faster.

Other algorithms used in database searches for pro-
tein or nucleotid sequences employ a full alignment 
procedure, like Smith-Waterman’s [2], that performs 
local sequence alignment for determining similar re-
gions between two nucleotide or protein sequences. 
In this a dynamic programming algorithm starts the 
backtracking at the highest scoring matrix cell and 
proceeds until a cell with score zero is encountered, 
yielding the highest scoring local alignment. 

In Mini-BLAST we have used a SW [2] algorithm 
(adapted for our purpose), which accounts for the un-
certainty of homopolymer length by allowing for gaps, 
preferentially in homopolymers [3]. The basic idea of 
such approach is to adjust the gap-introduction pen-
alty (gap-opening penalty) dynamically to the “ho-
mopolymer-terrain” of a nucleotide sequence, i.e. to 
use a position specific gap-introduction penalty, which 
decreases linearly within homopolymers.

In this paper we describe the creation of an ad-
vanced computer system with a graphical user interface 
(GUI) that performs parallel processing of sequences in 
nucleotide databases to analyze new patterns (metage-
nomes). We provide the description of our results and 
benchmark parameters, which show that such a sys-
tem can be used both in local and web configurations. 
Such a system can be easily reconfigured for situations 
when the connection to large bioinformatics databases 
in the web is slow or even cannot be established.

2 System

Searching in bioinformatics databases normally con-
sists of the following steps: (i) inputting the patterns 
of interest to analyze a metagenome, (ii) opening the 
connection to DNA databases, (iii) the procedure of 
searching, (iv) the analysis and display of results. For 
illustrative purposes we show here the case with 13 
databases, however the system easily processes 500 
databases or more in about an hour or less. 

Figure 1 shows the GUI of the program during a 
typical session. Various visual elements allow choos-
ing optimal parameters to control calculations. Some 
of the most important are: the name of the metage-
nome file (pattern query), the regime of Smith-Water-
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man algorithm, the list of databases in use for current 
session, the number of threads in group to work in par-
allel, etc.

Typical initial log information is shown in Figure 2, 
where the structure of the current DB is depicted. Fig-
ure 3 shows the information that every thread brings 
up from the class threadPool at parallel calculations.

In Figure 4 the results of analysis and the diagram 
of evaluated likelihoods of the pattern metagenome for 
current session are shown. From Figure 4 we observe 
that the pattern of interest has a compound structure 
where the particular similarity exceeds 75% for the or-
ganism A. aeolicus. Nevertheless other organisms are 
presented as well in this metagenome in different frac-
tions. Organisms A. aeolicus, B. aphidicola and Buch-

Figure 1. Example search of the pattern file QueryWork.txt in 
DNA databases in a parallel regime. The case when the number 
of threads in the searching group is 4 is shown. The top progress 
bar depicts the progress of searching through the sequences of all 
databases, while the bottom progress bar shows the progress of 
parallel processing for current thread group

Figure 2. Log information from the initial input configuration 
(query) when the pattern search starts. In the top of the 
window form the name of the pattern query file (metagenome) 
is shown. In the bottom part the list of databases (with sizes) 
included in the current session is demonstrated

Figure 3 Typical output with results of searching and analysis of 
the pattern structure. The names of databases and the percent of 
the pattern likelihood for current session are also shown

Figure 4. Structure of evaluated likelihood fractions of various 
organisms in this pattern. We observe that for this metagenome 
the pattern similarity exceeds 75% for the organism A. aeolicus
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nera are of most likelihood, and other organisms have 
similarity of about 5.6% or less. In Figure 4 the num-
ber in parenthesis indicates the likelihood evaluated 
at calculations, the number without parenthesis shows 
the corresponding fraction in the diagram.

3 Decryption of the program structure 
and flowchart

To map ESTs (expressed sequence tags) to genes or 
whole genomes we have used the library Bioinfor-
matics [3]. Similarly to BLAST [4], such an approach 
uses an heuristic algorithm to find approximate hits be-
tween the database and the query sequence and then 
extends these hits with dynamic programming.

The program code was developed in MS .Net 
3.5/4.0 in Visual C#. While we used this code also in 
Linux in the Mono system, we did not employ the ad-
vanced parallel programming possibilities implement-
ed in MS .Net version 4.0. The code of the program has 
rather complicated structures, therefore only its main 
parts, having self-representative shapes, are shown in 
flowchart in Figure 5.

After parameters initialization and choosing of 
desired databases of organisms (from menu or in 
the server side) the system starts the main cycle with 
threads from the class threadPool. In such a cycle all 
threads assume and perform the instances of the class 
SearchInBlast, realizing the parallel mode of calcula-
tions with the use of the available PC cores. The class 

SearchInBlast wraps the connection to the library Bio-
informatics [3] in order to implement (normal or ho-
mopolymer) Smith-Waterman algorithm to evaluate 
the likelihood. Besides, our system can recognize the 
number of cores in PC (that was 4 in our case) and then 
prompts the value of parameter “Threads in group” of 
GUI. At such a cycle every thread in group analyzes 
in parallel the structure of the metagenome and com-
pares the latter with corresponding DB file (organism) 
to evaluate the likelihood. After last thread finishes the 
system starts to analyze and then displays the statistics, 
histograms and diagrams that allow to have an insight 
into the results. After that the system begins reinitial-
ization and then becomes ready to accept new input 
data from GUI to start a new session.

4 Example and benchmarks

In our calculations we have used PC Intel® Xenon ®, 
2.64GHz, RAM 4GB, 4 cores. We have calculated an 
example test of Metagenomics to explore the genom-
ic content in a compound sample. The primary goals 
of this approach are (i) to characterize the organisms 
present in a sample and (ii) to identify what roles each 
organism has within a specific environment. As a sam-
ple, a query file was preparede with size about 2Mb 
that was compared to group organisms from the bioin-
formatics database. The results are shown in Table 1.

5 Conclusion

We have developed an advanced bioinformatics com-
puter package Mini-BLAST with a graphical user inter-
face (GUI) to analyze the pattern structure of metage-

Figure 5. The main parts of code structure and flowchart. In case 
of client-server (web geometry) parts 1-4, and 10-12 belong to 
the client, while parts 5-9 are placed in the server side

The pattern query file (metagenome) size is 2.096 Mb

Files in database Time Max. likelihood

Files: 14; total size: 55 
Mb; 4 groups

15 min 75.4%

Files: 22; total size: 126 
Mb; 6 groups

15 min 75.4%

Files: 112; total size: 455 
Mb; 28 groups

46 min 75.4%

Files: 464; total size: 1.6 
Gb; 116 groups

1 h 16 
min

75.4%

Table 1. Typical time evaluation of the metagenome 
likelihood in various configurations of the organism’s 
database.
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nomes. The advantage is that such a system performs 
the processing of FDA databases to analyze a pattern in 
a parallel regime that allows to sharply increment the 
speed of processing. We provided the description of 
Mini-BLAST, with test results and benchmarks, which 
show that such a system is promising to use in both 
local and web configurations. The system described 
cannot replace BLAST in general, but it can be use-
ful in situations when connection to large, web-based, 
bioinformatics databases is slow or even when it can-
not be established.
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