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Abstract

The massive extension in biological data induced a need for user-friendly
bioinformatics tools could be used for routine biological data manipulation.
Bioanalyzer is a simple analytical software implements a variety of tools to
perform common data analysis on different biological data types and data-
bases. Bioanalyzer provides general aspects of data analysis such as handling
nucleotide data, fetching different data formats information, NGS quality
control, data visualization, performing multiple sequence alignment and se-
quence BLAST. These tools accept common biological data formats and pro-
duce human-readable output files could be stored on local computer ma-
chines. Bioanalyzer has a user-friendly graphical user interface to simplify
massive biological data analysis and consume less memory and processing
power. Bioanalyzer source code was written through Python programming
language which provides less memory usage and initial startup time. Bioana-
lyzer is a free and open source software, where its code could be modified,
extended or integrated in different bioinformatics pipelines. Bioinformatics
Produce huge data in FASTA and Genbank format which can be used to
produce a lot of annotation information which can be done with Python pro-
gramming language that open the door form bioinformatics tool due to their
elasticity in data analysis and simplicity which inspire us to develop new mul-
tiple tool software able to manipulate FASTA and Genbank files. The goal
Develop new software uses Genomic data files to produce annotated data.
Software was written using python programming language and biopython
packages.
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1. Introduction

1.1. Bioinformatics Data Set

Bioinformatics has evolved and expanded continuously over the past years and
has become very important basic demand in life science research. There is an
enormous growth of biological data on network and databases due to the mas-
sive amount of research done daily. The public databases growth rate is increas-
ing exponentially over years, for example: NCBI Gene database and Protein da-
tabase, nucleotide database reached 24, 300 and 210 million records in 2016 and
have 13.8%, 37.7% and 5.2% annually growth rate, respectively [1].

1.2. User-Friendly Bioinformatics Tools

The biological data analysis and interpretation is getting a major bottleneck in
Bioinformatics [2]. In order to extract the target information from different bio-
logical data, there are plethora publicly available analysis tools, which could be
used extract, analyze and visualize data. Some of the main differences between
these softwares are availability, GUI user friendliness, visualization methods and
performance. Each one of these softwares requires specific parameters in order
to perform analysis or extract information about genes or gene clusters through
simple and routine procedure. Many of the available bioinformatics open source
tools uses command lines to perform different analysis, others have a graphical
user interface (GUI) could simplify complex analytical procedures and provide a

simple way to enter different parameters.

1.3. Similar Multiple Tools Softwares

Tenth of different general-use bioinformatics softwares are publicly available.
DNASTAR (Lasergene) is a commercial bioinformatics software that compresses
different applications such gene discovery, genomic visualization, NGS assembly
with Sanger validation, primer design, Sanger sequence assembly, sequence

alignment and others [3]. CLC workbench is another bioinformatics pipeline

provided by QIAGEN company (www.qgiagenbioinformatics.com), which pro-
vides different data analysis tools such as NGS read mapping, De novo assembly,
variant analysis assembly of DNA sequence data, multiple alignment sequence
and reverse complement. EMBOSS is the european molecular biology open
software suite, it integrates existing analytical programming packages and data-
bases more effectively with over 100 applications and has the capability to be run

with advanced graphical user interfaces [4].
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1.4. Bioanalyzer

In this study, we are introducing Bioanalyzer software, which is a bioinformatics
tool that compresses simple and common data analysis applications with a us-
er-friendly GUI. Bioanalyzer source code and freely available, where its code
could be modified, extended or integrated in different bioinformatics pipelines.
Bioanalyzer is a simple analytical software implements a variety of tools to per-

forming common data analysis on different biological data types and databases.

2. Materials and Method

Bioanalyzer was developed using python libraries for perform data manipulation
and using of Tkinter package to design the interface. About forty module and
function from Biopython with integration from open source scripts and our

self-wrote scripts.

2.1. Biopython

Biopython is python library for Genomic data analysis and annotation provides
plethora on scripts such as: data reading and extracting from FASTA and Gen-
bank files, Multiple Sequence Alignment, BLAST searching against NCBI data-
base and even accessing to the NCBI database itself [5]. We used biopython
scripts to create environment for data mining and annotation using scripts to
read and manipulate FASTA and Genbank files using SeqIO module to produce
annotated data in text format such as Multiple sequence Alignment, open read-
ing frames, BLAST searching or NCBI query search, or in illustrated figures such
as in chromosome genes, mRNA or tRNA visualization, enzymes restriction site

using matplotlib and network module with integration of biopython modules.

2.2. Matrices and Algorithms for Proteins and Nucleotide
Alignment

To maximize the accuracy of protein alignment, PAM and BLOSUM matrices is
used for score the accepted mutation and find functional domains.
2.3. Packages Used in Data Visualization

Matplotlib is most sufficient and accurate for data visualization. Matplotlib used
in the software draw and visualization of chromosome, restriction site, dotplot
graph.

2.4. Tkinter Designing Graphical User Interface

Tkinter library is used to build the GUI that consist of frames, buttons, text box-
es etc. tkinter provides availability to link scripts and functions with press of
buttons and display the result text on text viewer [6].

2.5. Converting Python to Stand-Alone Executable Application

We used pyinstaller (http://www.pyinstaller.org/) to convert python file to stan-
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dalone executable application. Pyinstaller collect the packages used in the python
software and converting them locally installed packages in the directory of the
software where the software can retrieve any function from this packages on this

directory instead of calling the packages and function on system.

3. Results and Discussion

Bioanalyzer provides general aspects of data analysis such as handling nucleotide
data, fetching different data formats information, NGS quality control, data vi-
sualization, performing multiple sequence alignment and sequence BLAST. The
following description of each section of software with sample of results.
Nucleotide tools accepts nucleotide sequence(s) or NCBI accessions as an in-
put. These tools provide DNA translation, GC%, reverse complement, transcrip-
tion (Figure 1), back transcription and open reading frame (ORF) finding. GC%
content could be used in transcriptome mapping (HTM) in gene-dense domains
with high GC content [7]. DNA translation could be used in protein sequence
classification or finding statistically significant functional associations in ge-
nomic experimental [8]. Additionally the tool also has options to choose be-
tween different translation tables and stopping translation at first stop codon.
Data Extraction can be used to extract specific targeted information from ge-
nebank sequence(s) with option of choosing file content and name (Figure 2).
This tool creates folder that contains text files holds specific user-defined infor-
mation extracted separately from genomic data. This tool can be used for the ex-
ploration biological database depends on genebank file data of drug discovery
bgi|2765658 | emb|Z78533.1|CIZ78533
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGAUGAGACCGUGGAAUAAACGAUCGAGUGAAUCCGGAGGACCGGUG

>gi]2765657|emb|Z78532.1|CCZ78532
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAACAGAAUAUAUGAUCGAGUGAAUCUGGAGGACCUGUGH

>g1]|2765656 | emb|Z78531.1|CFZ78531
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAGCAGAACAUACGAUCGAGUGAAUCCGGAGGACCCGUGH

>gi]2765655]|emb|Z78530.1|CMZ78530
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAAACAACAUAAUAAACGAUUGAGUGAAUCUGGAGGACUUGUGH

>gi]2765654|emb|Z78529.1|CLZ78529
ACGGCGAGCUGCCGAAGGACAUUGUUGAGACAGCAGAAUAUACGAUUGAGUGAAUCUGGAGGACUUGUGGUUAUUUGGCUCGCUAGG!

>g1]|2765652 | emb|Z78527.1|CYZ78527
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAGUAGAAUAUAUGAUCGAGUGAAUCUGGAUGACCUGUGH

>gi|2765651|emb|Z78526.1|CGZ78526
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAGUAGAAUAUAUGAUCGAGUGAAUCUGGAGGACCUGUG!

>g1]|2765650 | emb|Z78525.1| CAZ78525
UGUUGAGAUAGCAGAAUAUACAUCGAGUGAAUCCGGAGGACCUGUGGUUAUUCGGCUUGCCGAGGGCUUUGCUUUUGUGGUGACCCAI

>g1]|2765649|emb|Z78524.1|CFZ78524
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGAUAGUAGAAUAUAUGAUUGAGUGAAUAUGGAGGACAUGUGH

>gi]2765648|emb|Z78523.1|CHZ78523
CGUAACCAGGUUUCCGUAGGUGAACCUGCGGCAGGAUCAUUGUUGAGACAGCAGAAUAUAUGAUCGAGUGAAUCCGGUGGACUUGUGH

>g1]|2765647 | emb|Z78522.1|CMZ78522
CGUAACAAGGUUUCCGUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAGCAGAAUAUAUGAUCGAGUGAAUCCGGUGGACUUGUGH

>gi]2765646|emb|Z78521.1|CCZ78521
GUAGGUGAACCUGCGGAAGGAUCAUUGUUGAGACAGUAGAAUAUAUGAUCGAGUGAAUCCGGUGGACUUGUGGUUACUCAGCUCGAC

Figure 1. Multiple FASTA record file transcription generated by transcription tool.
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Figure 2. Data extraction tool is used to extract certain infor-
mation from large genbank file. the left section from the figure
is the content of each file, and the right section is the name of
each file.

[9]. the resulted file is text format file contain the information according the user
choices (Figure 3).

Database tools could be useful in handling specific NCBI accessions in differ-
ent databases for sequence retrieval in FASTA or genbank formats. This tool in
discovering new mutations responsible for diseases by comparing different da-
tabase records for the same gene in specific gene family [10]. On the other hand,
BLAST tool (Figure 4) could be used to align specific sequence or ID to public
NCBI database, in order to discover similar published sequence(s). This option
could be helpful the characterization of novel genes belong to the different gene
families [11].

Alignment is most daily used tools in bioinformatics to do local, global,
needleman or water nucleotide sequence or protein (Figure 5) alignment. Bio-
analyzer offer different options to change alignment matrices according BLOSUM
for either global or local alignments and the yielded score indicate how far those
aligned sequences are similar to each other by giving score to every match, mis-
match and gap. Sequence alignment illustrate how different aligned sequences
are related to each other, discovering genes with common ancestor or to im-
prove protein secondary structure prediction [12].

Visualization tools draw the massive nucleotide sequence such as chromo-
some files, illustrating genes/CDS positions (Figure 6 and Figure 7). This tool
export illustrations in PDF file formats. This tool could be used in positioning
genes on chromosome and depicting their rearrangement in different chromo-
somes [13]. Phylogenetic tree tool can reconstruct phylogenetic tree(s) produced
by using different nucleotide sequences, in order to screen there genetic diversity
[14]. Dotplot tool draws graphs between two sequences to show the sequence
similarity, which could be used to compare complete genome sequencing data
[15]. GC% in visualization tools creates chart represent the GC% content of two
FASTA file records, depicting the recombination drives the evolution of
GC-content in different genomes [16]. Restriction site tool can build a circular
and a linear representation for the position of restriction sites in DNA se-
quences, which could be helpful in rapid polymorphism identification and ge-

notyping using restriction site associated markers [17].
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Gene: Gene: Gene: Gene Gene:> Gene™ Gene:

Srodu Srocu |5rosa o srosu |5ross |5rosa

brote brote brote brote brote brote |Brete
AAK08226.1.txt AAK08227.1.txt AAK08228.1.txt AAK08229.1.txt AAK08230.1.txt AAK08231.1.txt AAK08232.1.txt

Gener Gene: Gener Gene: Gene: Gene> Gener>

prods produ |produ produ produ |produ |produ

brote brote brote rote brote brote |brote
AAK08233.1.txt AAK08234.1.txt AAK08235.1.txt AAK08236.1.txt AAKO08237.1.txt 8238.1.txt AAK08239.1.txt

Gene Gene:> Gene: [cene Gene: [cene> Gene:

Brete Brate |Brote Brote Brote [Brate |Brate

Trans Trans Trans Trans Trans Trans Trans
AAK08240.1.txt AAK08241.1.txt AAK08242.1.txt AAK08243.1.txt AAK08244.1.txt AAK08245.1.txt AAK08246.1.txt

Gene: Gene: Gener [cene’ Gene: Gene: Gene:

srosu .mﬂ |produ prod t.m [5rod srotu

Brote brote Brote Brote Brote Brote Brote

Trans (e Trans Trans Trans | Teans [
AAK08247.1.txt AAK08248.1.txt AAK08249.1.txt AAK08250.1.txt AAK08251.1.txt AAK08252.1.txt AAK08253.1.txt

e e ene: cen: e [cen et

EL:";:: @J \E:“: EE": ?Eﬂ: ?\m ei:::
AAK08254.1.txt AAK08255.1.txt AAK08256.1.txt AAK08257.1.txt AAK08258.1.txt AAK08259.1.txt AAK08260.1.txt

Gene: > Gene: Gene Gene: Gene Gener

produ produ |produ produ produ |prece prods

brote brote brote rote rote brte rote
AAK08261.1.txt AAK08262.1.txt AAK08263.1.txt AAK08264.1.txt AAKO08265.1.txt AAK08266.1.txt AAK08267.1.txt

Gene: Gene: Gene: Gene Gener Gene: Gene:

brote brote |brote Brete Brete brete brote

Trans Trans Trans Trans Trans Trans Trans
AAK08268.1.txt AAK08269.1.txt AAK08270.1.txt AAKO08271.1.txt AAK08272.1.txt AAK08273.1.txt AAK08274.1.txt

Gene: Gene: ne: Gene: Gene: [cene: Gene:

brote brote Brete Brete brete |Brote brote

Trans Trans Trans Trans Trans Trans Trans
AAK08275.1.txt AAK08276.1.txt AAK08277.1.txt AAK08278.1.txt AAK08279.1.txt AAK08280.1.txt AAK08281.1.txt

Gene:> Gene Gene: [cene Gene: Gene: Gener

brate Brete rBI.“?:J Brete Brate |Brete Brote

T Teans Trans fans Trans [7eans |
AAK08282.1.txt AAK08283.1.txt AAK08284.1.txt AAK08285.1.txt AAK08286.1.txt AAK08287.1.txt None.txt

Figure 3. The output files contain the informations after extraction using extraction tool.

lsequence:gilZ765553|emb|z78533.1| C.irapeanum 5.85 rRNA gene and ITS1 and ITS2 DNA

length:740

e value:8.24508e-64
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACC. . .
LEEERRREEEET TR e e e e e e e e e e e e e e e e e e e e e e e e e et
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACC. . .«

sequence:gi|751868575|gb|KJ939539.1| Cypripedium irapeanum voucher Szlachetko s.n. 18S ribosomal RNA gene, partial sequence; int
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene,
sequence

length:745

e value:1.14608e-55

CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACC. . .«

LLLEEEEEEE PR e e e et e e R e et e e e e e e e -
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGACCGTGGAATATACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCGCC. . .

sequence:gi|751868574|gb|KJ939538.1| Cypripedium dickinsonianum voucher Szlachetko s.n. 18S ribosomal RNA gene, partial sequence
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
sequence

length:760

e value:4.87327e-54

CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACC. . .
LCCCCEEEEEEEEEE e e e e e e e e e e e et eee e e CErerr P e e e e e e e e
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGACCGCGGAATATACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCGCC. . .«

sequence:gi]|462562938|gb|JQ660885.1| Cypripedium dickinsonianum 18S ribosomal RNA gene, partial sequence; and internal transcrib
5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence

length:768

e value:4.87327e-54

CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACC. . .
LEEERRREEEE R e e e e e e eee et e e et Ceee et CEE e e e e e e e e e e et e
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGACCGCGGAATATACGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCGCC. . .«

Figure 4. BLAST result contain the sequence ID, description, length, e-value and se-
quence with alignment.

MV- LSPADKTNVKAAWGKVGAHAGEYGAEAL ERMFLSFPTTKTYFPHF -DLS- - H- - - GSAQVKGHGKKVADAL TNAVAHVDDMPNAL SALSDLHAHKLR

T P N R T T T O o T Ty o I T T DO T DR T T Y D | DY DO TN T P T

MVHLTPEEKSAVTALWGKV - - NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGKKVL GAFSDGLAHLDNLKGTFATLSELHCDKLH
Score=292

Figure 5. The alignment two different protein can be produced by PAM or BLOSUM
tools.

The weblogo tool illustrates the the consensus sequence in given record(s)
which reflect the presence of the functional domains in protein such as: active
site of or ligand binding site (Figure 8).

Quality control tools deal with FASTAQ files in order to do post-sequencing
processing such as primer and adopters trimming to prepare the reads for dif-
ferent analysis such genome assembly, mapping or any other application [18].
Also, convert FASTAQ format to FASTA format to allow user to do different

analysis such as de novo transcript sequence reconstruction from NGS data [19].
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Figure 6. The form of chromosome produced
by chromosome tool illustrating each position
of gene on chromosome (zoom out).

_

Figure 7. Genes ID generated by chromosome
visualization tool showing each gene ID posi-
tion on chromosome (magnification may be
different due to the density of genes on chro-
mosome, in this figure 500%).
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5 205 210 215 220 225 2% 235 240 245 2503
204

Figure 8. Weblogo tool construct graph represent the consensus between sequences in
given multiple fasta file.
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4. Conclusion

Bioanalyzer was written using Python programming language (version 3.4+)
that provides set of new functions, new tools and already available tools with
minor edition in order to improve its functionality and presenting the output in
more ordered way to implement a data analysis, extraction and visualization all

gathered in one software.

Data Availability

Bioanalyzer was written using Python programming language (version 3.4+)
that provides set of functions and tools to implement a data analysis, extraction
and visualization. An additional python codes were written to provide new other
tools. source code, installer and manual are publicly available at

(http://www.ageri.sci.eg/index.php/facilities-services/ageri-softwares/bioanalyzer

or https://github.peterhabib/com/bioanalyzer).
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