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Abstract

With the advent use of computers in every daily life the computational
approacheshas collaborative effort between biologists and computer
scientists and thus covers a wide variety of traditionalcomputer science

Published: November 2023 domains, including data retrieval, data integration,data cleaning, data

K i modeling, data mining, data warehousing, data managing, ontologies,
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Biology, Computer, Validation computing, and visualization. However, applying each of these
domains to biomolecular and biomedicalapplications raises specific and
unexpectedly challenging research issues. This review is to provide life
scientists and computer scientists with a complete view on biological
data management byidentifying specificissues, presenting existing
solutions from both academia and industry and providing a framework
in which to compare thesesystems.
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Introduction:-

Computational approaches and the management of scientific data are critical to support life science discovery.™ As
computational models of proteins, cells, and organisms become increasingly realistic, much biology research will
migrate from the wet lab to the computer.® Successfully accomplishing the transition to biology in silico, however,
requires access to a huge amount of information from across the research community. B Much of this information is
currently available from publicly accessible data sources, and more is being added daily. Unfortunately, scientists
are not currently able to identify easily and exploit this information because of the variety of semantics, interfaces,
and data formats used by the underlying data sources.®’DNA sequences are often modeled as probabilistic
phenomena, with the patterns ofinterest being defined as samples drawn from the underlying random process.®
Forexample, the underlying DNA sequence is modeled as a Markov chain of randomvariables taking on the values
(A, C, T, G).' The underlying models that define the DNA sequences and their accuracy areultimately a
determinant of the accuracy with which the patterns are subsequentlydetected.®®!. Sequence models provide a basis
for establishing the significance of patternsobserved, while the pattern models help us look for specific motifs that
are of functionalsignificance.’

Analyzing Sequences by EMBOSS
Since the beginning of big genome sequencing, initiated by the work on the nematodeCaenhorhabditis elegans, the
Staden group has concentrated on developing methods toincrease the efficiency of these large-scale
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projects."®!Features inthe design of EMBOSS program are its flexibility in output formats, its use of a language
Ajax Command Definitions (ACD) for specifying the inputs to its programs. The firsttechnical challenge was to
parse the ACD to automatically produce suitable dialogue boxes for each EMBOSS program and to prepare SPIN to
load the results intomemory. The second problem was to parse these varying results files to display theresults and
allow users to interact with them as though they had been produced byinternal SPIN functions.
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Figure 1:- Anf;I;/zing Sequences by EMBOSS, image adapted from R Staden!**.

EMBOSS

EMBOSS is a free Open Source software analysis package specially developed forthe needs of the molecular
biology user community.*?! The software uses data in a variety of formats and even allows transparent retrieval of
sequence data from the web. Asextensive libraries are provided with the package, it is a platform that allows
otherscientists to develop and release software in true open-source spirit. EMBOSS alsointegrates a range of
currently available packages and tools for sequence analysis intoa seamless whole.'*! At the time of writing
EMBOSS contained over 100 programs for sequence alignment, rapid database searching with sequence patterns,
proteinmotif identification, nucleotide sequence pattern analysis,codon usage analysis for smallgenomes, rapid
identification of sequence patterns in large scale sequence sets andpresentation tools for publication.
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EMBOSS CpGPlot/CpGReportisochore

Detection of regions of genomic sequences that are rich in the CpG pattern Is important because such regions
are resistant to methylation and tend to be associaled with genes which are frequently switchad on, Regions
rich in the CpG pattern are known as CpG Islands

The function of the program ¢paplot is to plot CpG rich areas, and cpgreport to report all CpG rich regions.

The nuciear genomes of vertebrates are mosaics of isochores, very long streiches of DNA that are
homogenaous in base composition and are compositionally correlated with the coding sequences that they
embed. Isochores can be partitionad in & small number of families that cover a range of GC levels, Program
isochore piots GC content over & sequence
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Figure 2:- Retrieval of sequence data from the web usingEMBOSS.

Databases Are Autonomous

Biological data sources represent a loose collection of autonomous websites, each with its own governing body and
infrastructure.™¥ These sites vary in almost every possible instance such as computer platform, access, and data
management system. Much of the available biological data exists in legacy systems in which there are no structured
information management systems. These data sources are inconsistent at the semantic level, and often, there is no
adequate attendant meta-data specification. Scientific literature, images, and other free-text documents are
commonly stored in unstructuredor semi-structured formats (plain text files, HTML or XML files, binary files).
Genomic, microarray gene expression, and proteomic data are routinely storedin conventional spreadsheet programs
or in structured relational databases (Oracle, Sybase, DB2, Informix).!"” Major data depository centers have
implementedvarious data formats for operations; the National Center for Biotechnology Information (NCBI) has
adopted the highly nested data system ASN.1 (Abstract SyntaxNotation) for the general storage of gene, protein, and
genomic information; the United States Department of Agriculture (USDA) Plant Genome Data and Information
Center has adopted the object-oriented, data management systems and interface.*New databases spring up at a
rapid rate and older databases disappear.In response to the advance of biological research and technology, the
overall features of biological data sources are subjected to continuous changes includingdata content and data
schema.

Functional data visualization

The construction, visualization and interpretation of phylogenetic trees are instrumental for biological analysis in
multiple fields, including evolutionary biology, genetics and comparative genomics.M! Recently published software
tools allow for the use of interactive elements and comprehensive analytics in association with these trees by means
of the latest web technologies. The commonly used phyloXML standard has been extended with various elements of
the complex type as permitted by the current phyloXML XSD schema. The newly created
elements <taxonomies> and <domains> are used to specify taxonomy and domain colours, descriptions and links. In
order to reference between the<phylogeny>element of the current standard and the new elements,
the <code> and <name> sub-elements are used for the <taxonomy>and the <domain>element, respectively. (18]
Colours are represented as HEX values (e.g. 02zGGBBRR). Furthermore, graphs like a pie, a binary and a multi-bar
chart as well as a heat map or a boxplot can be displayed next to the leaf nodes by using the newly
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defined <graph>elements.PhyD3 is implemented as a flexible and lightweight tool allowing for the display of
interactive and complex phylogenetic trees in a web-based environment without security-based limitations and
without the need for external plugins.*® The implementation is fast and responsive to user interaction with the tree
elements’ display parameters being easily changed through user-friendly access controls.
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Figure 3:- Visualization of artificial data using inner node pie charts, taxonomy colorization, leaf node labelsand
domain architecture.
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PhyD3 provides import and export tools to facilitate greater interoperability. Using the import tool users can supply
trees in Newick and phyloXML formats,” with optional numerical data, which can be easily converted to the
extended phyloXML format with graph annotations. Export capabilities provide the conversion of the current tree
visualization into vector graphics (SVG format) and bitmaps (PNG format), as well as the extended phyloXML data
itself.

Conclusion:-

Computers and biologists have to work together to address the level of challenges presented by the inherent
complexity and vast scales of time and spacecovered by the life sciences. The opportunities for biological science
research in the 21st century require a robust, comprehensive information integration infrastructure underlying all
aspects of research. As we discussed in our review, substantial progress has been made for data integration at the
technical andarchitectural level. However, data integration at the semantic level remains a major challenge. Before
we will be able to seize any of these opportunities, the biologyand bioinformatics communities have to overcome the
current limitations in metadata specification, maintenance of data provenance and data quality, consistentsemantics
and ontology, and web presentations.
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