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Abstract

Recent developments in our understanding of communi-
cable diseases have been marked by remarkable progress. 
The COVID 19 pandemic has increased the importance of re-
search and study of biological hazards. According to the FAO 
reports, 75% of emerging diseases are zoonoses. The main 
reasons for the spread of infectious diseases are globaliza-
tion, climate change and the intensification of agriculture. 
H1N1, H5N1, Acute Respiratory Syndrome (SARS), dengue 
fever, bacterial infections, recurrent Salmonella epidemics 
in the food industry are a constant threat to society.

New research strategies and tactics need to be applied 
to minimize threats. Timely detection of unidentified or un-
foreseen pathogens is a key factor in disease control. A wide 
range of diagnostics, new equipment is available to identify 
pathogens based on phenotypic or genetic characteristics. 
The scientific approaches of the past, including work with 
individual genes and proteins specific to molecular biology, 
are not sufficient to solve these problems. The article de-
scribes biotechnologies and new challenges, reducing bio-
logical hazards, creating vaccines, and researching genes.
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Introduction

New research strategies and tactics need to be applied to 
minimize threats. Timely detection of undetected or unfore-
seen pathogens is a key factor in disease control. A wide range 
of diagnostics, equipment to identify pathogens based on phe-
notypic or genetic characteristics are available [1]. The scientific 
approaches of the past, including work on individual genes and 
proteins specific to molecular biology, are not sufficient to solve 
these problems [2-5].

The first decade of the twenty-first century saw significant 
innovations in technology and computational methods. The 
Systems Virology Center (http://www.systemsvirology at the 
University of Washington.org) has comprehensively analyzed 
the progression or modification of acute respiratory viral in-

fection by molecular and cellular event modeling, pathogen-
host interactions, and cellular response networks. This study 
focuses on the highly pathogenic H5N1 avian influenza virus 
and Coronavirus Associated with Acute Respiratory Syndrome 
(SARS-CoV). For each virus, the level of pathogenicity of the 
host organism against H5N1 and the created attenuated virus is 
analyzed and modeled [6]. These new tools provide an almost 
comprehensive view of complex biological systems and can 
provide a deeper understanding of pathogen-host interactions, 
respectively [4,7,8].

There are systems needed to successfully implement a bio-
logical system approach: technologies, computational meth-
ods and genome data, and so on. Next Generation Sequencing 
(NGS) - technologies such as next generation sequences have 
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emerged. Conditions were created for long RNA and mRNA that 
encompassed microRNAs and did not encode or encode com-
mon transcriptomes. This suggests that RNAs that do not en-
code a previously unappreciated RNA class for a long time may 
play an important role in the body’s immune response to viral 
infection [9].

Determination of nucleotide sequence-DNA sequencing

Sequence - method for determining the ordering of nucleic 
acids. This is the determination of the exact sequence of nucle-
otides present in a particular DNA and RNA molecule. NGS can 
be used to analyze DNA and RNA samples and is an important 
tool in functional genomics. In the last decade, the use of nu-
cleic acid has become important for research and clinical labo-
ratories around the world. The first major project - the Human 
Genome Project, worth $ 3 billion and 13 years of operation, 
was completed in 2003. The Human Genome Project was imple-
mented with the first generation and is known as the Sanger 
sequence. Sanger sequence (chain termination method), devel-
oped in 1975. The method developed by Edward Sanger was 
considered the gold standard. Once the first human genome se-
quence is complete, the demand for cheaper and faster sorting 
methods is greatly increased. This requirement has led to the 
development of second generation sequencing methods or New 
Generation Sequencing (NGS). Based on the Sanger sequence, 
it uses DNA-dependent polymerase to create additional veloc-
ity in a single-stranded DNA template [10-12]. In each reaction, 
a single primer complementary to the template initiates DNA 
synthesis from its 3´ end. DNA monomers, such as deoxynucleo-
tides or nucleotides, form phospho-diether bonds between the 
3’ hydroxyl and 5’ tri-phosphate groups of the growing end of 
the primer, one after the other, depending on the pattern. Each 
reaction represents four di-deoxynucleotide mixtures (A, G, T, 
and C), one for each DNA base [13,14].

Figure 1: Principles of Sanger sequencing.
(http://old.abmgood.com/marketing/knowledge_base/next_gen-
eration_sequencing_Introduction).

Figure 2: Description of similarities and differences between 
different New Generation Sorting platforms.
https://www.ebi.ac.uk/training-beta/online/courses/functional-
genomics-ii-common-technologies-and-data-analysis-methods/
next-generation-sequencing
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NGS platforms make massive parallel sequences, and during 
this time, millions of DNA fragments are arranged in a single 
sample unison. Mass parallel sequencing technology simplifies 
high-order sequencing as a whole and allows genome sequenc-
ing in less than a day. Several NGS platforms have been devel-
oped over the past decade: low-cost, high-performance se-
quences. Two of the most widely used platforms are used today 
in research and clinical laboratories: Life Technologies Ion Tor-
rent Genome Machine (PGM) and Illumina MiSeq. While each 
NGS platform is unique in how sequencing is implemented, Ion 
Torrent PGM and Illumina MiSeq have a similar basic methodol-
ogy that includes template development, sequencing, imaging, 
and data analysis. The creation of these and other NGS plat-
forms has made sequencing more accessible to the laboratory, 
rapidly increasing the volume of research and clinical diagnos-
tics performed with nucleic acid sequencing [10,11,15,].

The importance of NGS technology

NGS can be used to analyze DNA and RNA samples and is a 
popular tool in functional genomics. Unlike microarray meth-
ods, NGS has several advantages, including approach-based ap-
proaches:

• No prior knowledge of the genome or genomic features 
is required

• Offers a single nucleotide solution that allows the detec-
tion of related genes (or traits), alternatively combined 
transcripts, allelic gene variants, and single nucleotide 
polymorphisms.

• Higher dynamic range of the signal

• Requires less DNA / RNA as input (nanograms of materi-
als sufficient) higher repeatability [https://old.abmgood.
com/marketing].

The concept of bioinformatics

The main goal is to create a current and future perspective 
on the opportunities and challenges associated with the appli-
cation of mass parallel sequencing technologies in veterinary 
medicine, especially to focus on applications that have the po-
tential to affect disease control and management. The develop-
ment of high-transmittance molecular technologies and related 
bioinformatics has dramatically changed the ability of scientists 
to produce, manage, and analyze large amounts of genomic, 
transcriptomic, and proteomic data. A clear example of this step 
change is represented by the amount of DNA sequence data 
that can be generated using Next-Generation Sequencing (NGS) 
platforms. Data are obtained, emailed and stored using compu-
tational methods [16,17].

Proteomic technologies and metabolomics, glycomics, lip-
idomics and phosphoproteomics began to develop rapidly. For 
example, identify commonalities and differences in the body’s 
response to different respiratory viruses; to characterize regula-
tory and metabolic networks that adapt the pathogen to intra-
cellular persistence.

The identification of these pathogens - metagenomic stud-
ies, such as the detection of microbiomes, whole genomes 
and viral variants - is carried out through various applications 
[18,19]. For all applications, it is important to compare ge-
nomic sequence data with known ones. Comparative genomic 
analyzes are used at the molecular level to facilitate taxonomic 

classification, functional interpretation, and study genomes and 
evolutionary processes [20].

Omika technologies

Omic technologies based on mass spectrometry - i.e. pro-
teomics, metabolomy and lipidomy - provide the study of or-
ganisms at the molecular level. At the same time, advances are 
being made in a comprehensive, functional understanding of 
the biological consequences associated with cellular heteroge-
neity in medicine, cancer research, and various research fields, 
such as microbiome science. Similarly, recent developments in 
protein and peptide separation efficiency and highly accurate 
mass spectrometry have helped to increase the identification 
and quantity of proteins in a particular sample. These advances 
in biotechnology have been increasingly applied to the study of 
infectious diseases in animals and have begun to revolutionize 
the study of biological and evolutionary processes at the mo-
lecular level [20,21].

Studies have demonstrated the value of NGS technologies 
for molecular characterization, from the metagenomic char-
acterization of unknown pathogens or microbial communities 
to molecular epidemiology and the evolution of viral quasi-
cycles. Moreover, high-transmittance technologies now allow 
a detailed study of host-pathogen interactions at the level of 
genomes (genomics), transcriptomes (transcriptomes) or pro-
teomes (proteomics). Integrative OMICS and system biology 
offer solutions that allow the detection of single-nucleotide-
linked genes (or traits), alternatively combined transcripts, al-
lelic gene variants, and polymorphisms.

Proteomics is the study of biological processes by analyz-
ing the state or expression of protein in cells or tissues [22]. 
Proteins are ubiquitous life blocks and are composed of pep-
tides, a chain of amino acids formed by translating mRNA. Con-
tains 20 amino acids abbreviated by a single letter. Peptides 
can be described as a string of letters corresponding to amino 
acids. Although protein sequences are determined by DNA se-
quences, post-translation protein modifications (e.g., acetates, 
phosphates, lipids, etc.) are not easily predicted. These modi-
fications rapidly diversify and regulate / complicate protein 
function and cellular protein content, and are characteristic of 
most cellular processes and diseases. Therefore, the purpose of 
MS-proteomics is to provide information on the impossibility 
of determining the DNA sequence - individual protein concen-
trations and post-translational modifications https://omics.pnl.
gov/metabolomics-and-lipidomics.

Lipidomics is the systematic analysis of lipids (fat molecules) 
and their interactions. A science is still in its infancy; however, 
a science that promises to revolutionize biochemistry. Lipids 
are divided into eight categories that share common physical 
and chemical properties, and there are currently approximately 
38,000 documented lipids.

Metabolomics is the study of metabolomics, which are small 
molecular products of cellular regulatory pathways that can pro-
vide an image of cell physiology. Metabolites are much smaller 
than proteins and smaller than most lipids. The small size pre-
cludes direct overlap of some techniques used in proteomics 
or lipidomic, but can generally be analyzed in similar ways. Lip-
ids can be classified as subtypes of metabolites; however, mass 
spectrometers consider lipids to be different from metabolites 
because they must be treated analytically separately [11].
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Summary

Growing global populations, rapid migration, immunother-
apy/deficiencies, resistance to pathogen-directed therapists, 
and global climate change are leading to the emergence of new 
pathogens and increased threats from known pathogens. Thus, 
there is a great deal of attention in the study of many bacte-
rial and viral infectious diseases, such as Staphylococcus aureus, 
Mycobacterium tuberculosis, Influenza, Dengue, SARS-CoV, and 
their effects on humans [14,28]. Proteomics, chemistry, pro-
teomics, metabolism and lipidomic characterize the expansion 
of our ideas about pathogens, the formation of our goals for 
new drugs and the response of the owner to the pathogen.
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