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Abstract: Crop improvement is a continuous process which is driven by the increasing population which 

needs food security with sustainable production. In the recent past bioinformatics and multiomics tools 

played an important role and may provide novel opportunities for improving traits by inserting the genes with 

high precision. In the last decade remarkable progress has been done in the discovery of useful genes for 

yield, quality, resistance to biotic and abiotic stress etc. With the development of new techniques such as 

NGS, gene editing and other omics tools with bioinformatics advancement, many new crops have been 

developed. Therefore, integrated omics and bioinformatics tools are having a major impact which may have a 

major thrust to develop high yield crops in future. The aim of the present review is to highlights the basic and 

applied concepts of bioinformatics and genomics by integrating them for crop improvement. 
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1. Introduction 

In 2021, 828 million people who were 46 million more than in 2020 and 150 million more than in 

2019 experienced hunger (FAO, 2019). By 2015, the United Nations Hunger Task Force wants to 

reduce the number of hunger people half. Since then, 70% population is poor who experience 

hunger and reside in rural areas. Therefore, improving agricultural production is must to feed 

deprived population (Sanchez et. al., 2005). With the advancement of biological and agricultural 

research production of different crops increasing continuously but there is need to refinement of 

the crop traits using biotechnological strategies viz.  Bioinformatics and Omics methods. 

Searching of novel genes for useful crop traits is a major issue for the plant scientists. Fortunately, 

these difficulties arise as plant scientists are making incredible strides in understanding the basic 

mechanisms underlying plant growth and development (Delmer et. al., 2005). They're mostly 

concerned with the not targeted and un-biased determination of genes (genomics), mRNA 

(transcriptomics), proteins (proteomics), and metabolites (metabolomics) in a specific biological 

sample. Currently, the world's population is growing with a fast pace, and the biggest threat to 
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food security is climate change. Fast population growth, climate change, and environmental 

demand for accelerated breeding efforts for high output are the key issues. There are several 

obstacles, nevertheless, and it is widely acknowledged that increasing the potential and 

productivity of modern agricultural output are crucial. Researchers are looking for practical and 

contemporary crop production methods.  

The utilisation of next-generation omics technologies such as genomes, transcriptomics, 

proteomics, metabolomics, and phenomics may speed up upcoming biotechnology development. 

During the sequencing of the human genome, Thomas Roderick was the first person who coined 

the term "genomics” in 1986. It is potentially an experimental approach including molecular 

characterisation and full genome cloning to study gene morphology, application, and synthesis, or 

it is a novel scientific field involving genome sequencing, analysis, and mapping. Crop 

improvement has been transformed by technology and scientific developments such as genome 

sequencing, genotyping for genomic-wide annotator studies, and genomic hypothesis (Liu and 

Zhang 2019). This is also known as high-dimensional biology and systems biology (Kell et.al., 

2007, Westerhoff et.al., 2004). The fundamental belief of these methods is that a complicated 

system may be understood well when it seen as a whole. In systems biology and omics research, 

no predetermined or known hypothesis are used while these are dealt with data collection and its 

processing to test how a gene determines the particular traits (Kell et.al., 2004). Genome research 

is the scientific study of the genome of an organism. The whole DNA that makes up a cell or an 

organism is commonly referred to as its genome. The human genome includes a total of 3.2 billion 

nucleotides as well as between 30 000 and 40 000 genes that code for proteins, as reported by 

Baltimore et al. (2001). Despite recent major advancements in microarray technology, genes have 

frequently been investigated separately. DNA microarrays enable the simultaneous investigation 

of the expression of numerous genes and measurement of DNA sequence variation within any 

group or species. The proteome is a database of every one of the expressed proteins in an 

organism, cell, or tissue (Theodorescu et al., 2007).  

The term "omics" is frequently used in biology to refer to a topic under investigation or 

to extensive research, including whole biological collections of data including genomics, 

proteomics, or metabolomics. When referring to in-depth study in these areas, like the proteome, 

metabolome, or genome, the accompanying suffix -ome is applied. The emergence of full "omics," 

arrays, and high-throughput developments has allowed for the finest wide-spectrum gene analysis. 

Numerous cutting-edge Omics tools have been created using these breakthroughs (Deshmukh et al. 

2014). 

Proteomics seeks to describe information flow across the cell and the organism via protein 

pathways and networks, with the ultimate objective of understanding the functional importance of 

proteins (Petricoin et al., 2002; Vlahou et al., 2005). Although proteome research can provide a 

wealth of helpful information, it is hampered by its large domain size (>100,000 proteins) and the 

difficulty in successfully detecting low-abundance proteins, as proteins are most likely to be 

generally affected in illness and disease response. The proteome is seen to have great potential for 

the creation of biomarkers (Rifai et al., 2006). The proteome is a living mirror that reflects both 

genes and the environment. Numerous protein disease biomarkers are now available to represent 

this (for example, CA125 and alpha-fetoprotein). 
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Fig. 1: The flowchart illustrating how several pathways are connected and controlled by omics tools 

 The use of informatics is for the organization, administration, and dissemination of biological 

data (Dayhoff et al.,1965) and it is known as bioinformatics. It is an important tool for data 

analysis, interpretation, and modelling. Additionally, because of bioinformatics, it is possible to 

examine and comprehend the structure and function of bigger molecular collections obtained from 

the so-called omics techniques. These initiatives enable the representation of many elements of the 

biomolecular architecture of complex biological systems, from cells to ecosystems (genomics, 

transcriptomics, proteomics, metabolomics, etc.) (Fig 1). Due to the fast adoption of omics 

technologies and their increasing potency at reasonable prices, the extent of molecular data 

gathering from multiple levels of an organism's organisational structure or an environmental 

sample has rapidly increased. Due to the vast amount of data and the need for integrative efforts, 

this further complicated bioinformatics and encouraged an integrated perspective on the structure 

and function of systems (Chiusano et al., 2008; Bostan et al., 2015). 

1. Genomics as an analysis tool 

The field of genetics referred to as genomics focuses on the organisation, sequencing, and analysis 

of an organism's genome. Although structural genomics and functional genomics are the two basic 

areas of genomics, additional branches are also investigated within this field. 

 

2.1 Structural genomics 

The arrangement and sequencing of the DNA throughout the whole genome are the subjects of the 

scientific field known as structural genomics (Mathur et al., 2021). It shows the first phases of 

genomic analysis, such as 

1. A way enables the creation of a high resolution (HR) genomic map based on physical maps of an 

organism and recombination frequency (cM), indicating where genes are placed in relation to base 

pair distance. 

2. The genome's sequence. 

3. Figuring out all the proteins. 

Tools for structural genomic research include genome sequencing methods and DNA-based 

markers. A DNA sequence that is willingly detected and whose inheritance can easily be detected 

is known as a molecular marker. These are not affected by any environmental factors. The 
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complete genome may be monitored and examined with the help of these markers. These markers 

are generally used to detect the molecular diversity among the germplasm or population. DNA 

markers also used to locate restriction sites or mutation at a PCR primer site, a DNA insertion or 

elimination, an alteration in the number of replicate components across two restrictions or PCR 

primer locations, or to detect a mutation which produces a single nucleotide polymorphism 

(Mathur et al., 2021). 

2.2 Function-driven genomics 

The area of functional genomics focuses on the roles and interfaces of proteins, gene transcription, 

and translation using genome data and high-throughput technology. It attempts to understand how 

the genome functions at various developmental junctures and in an ecological context. Its 

differentiating features include high-throughput or large-scale mutually evaluated procedures with 

computational (bioinformatics) and statistical evaluation of the outcomes (Evelien et al., 2012). 

Researchers in plant sciences will also use in silico tools to develop resistance in crops and to 

study many other useful traits. Expression analysis, forward and reverse genetics investigations, in 

silico gene analysis and gene sequence annotation is used to evaluate the function of a gene. 

Up-regulation studies (activation tagging-promoter control/enhancer control, overexpression of 

genes, multiple copy gene insertion or gain of function through mutagenesis), and 

down-regulation studies (through insertion mutagenesis, PTGS [post-transcriptional gene 

silencing], VIGS [virus-induced gene silencing], and chemical mutagenesis has also been done 

(Dwivedi and Rautela, 2018). Studies on both up-regulation (activation tagging-promoter 

control/enhancer control, overexpression of genes, multiple copy gene insertion or gain of 

function through mutagenesis), and down-regulation (insertion mutagenesis, T-DNA tagging 

transpose on tagging, PTGS [post-transcriptional gene silencing], VIGS [virus-induced gene 

silencing], and chemical mutagenesis) have been described (Dwivedi and Rautela, 2018). 

2.3 Genomic comparative analysis 

Comparative genomics examines how different species genomes differ in terms of their structure 

and capabilities. Even distantly related species might benefit from the knowledge obtained on one 

organism. With the knowledge of species at genomic level, it enables us to comprehend evolution 

in detail. Identification of regulatory components and genes (both coding and noncoding) is very 

much helpful to know the function of a particular gene which governed a trait. Segmental 

duplications, rearrangements, and polyploidy all affect how the genome is organised, and 

comparative genomics is a strong tool for detecting these alterations. This method has been 

proposed to assess homologous genes and consequently identify conserved cis-regulatory motifs. 

Synteny between related species has been discovered through comparative genomics research 

(conserved gene placement within significant portions of the genome in various species). In order 

to comprehend how novel properties of a new gene have emerged, comparative genomics is also 

used (Susi et al. 2020). 

2.4 Evolutionary genomics 

It has been suggested to examine the genomic sequence of creatures from various species to learn 

how the genome has changed throughout evolution. The structure of partial or full genomes 

changes during evolution as a result of duplications and deletions. Once genome sequence has 

spread across the population, changes to genome size happen instantly. The genome sequence of a 

newly discovered species may be used to make assumptions about the timing of duplications and 
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deletions in the past as well as the relationship between changes in a genomic area and various 

phases of evolution (Van Tassel et al. 2020). 

2.5 Epigenomics 

A group of epigenetic alterations in a cell's epigenome, which is its genetic material, are the 

subject to the study of its molecular biology known as epigenomics. The DNA or histones in a cell 

that affect gene expression without altering the DNA sequence are examples of reversible 

epigenetic changes. Histone modification and DNA methylation are two prominent epigenetic 

changes which occurred frequently in genome. The expression and control of genes, as well as 

cellular processes including development, differentiation, and cancer, are all impacted by 

epigenetic changes (Kapazoglou et al. 2018). 

2.6 Metagenomics 

The field of biology known as "metagenomics" involves research on metagenomes or genetic 

material that has been recovered from ambient tissues. Environmental genomics, eco-genomics, 

and community genomics are other terms for it. Traditional approaches, on the other hand, rely on 

improved clonal cultures, firstly environmental gene sequencing, and cloned particular genes (16S 

rRNA gene) to generate variety in an already existing species (Kumar et al. 2020). 

 
Fig 2: Various applications of Genomics 

By utilizing structural, functional, and comparative information, genomics, the study of the 

genome has given momentum to agricultural research for improving useful traits. At the structural 

level, molecular markers and sequencing technology provide good knowledge. The advancement 

of sequencing and genotyping technology has aided in the further development of new molecular 

markers. This results in crop genotyping on a massive scale, which may then be utilized to create 

genetic and physical maps with high densities. To ascertain the gene's function, functional 

genomics is studied. The majority of crops' genomes are also analyzed using this method. It is 

helps on precise genetic modification of gene which may help to increase production and survival 

of crop plants under adverse conditions (Fig 2). Other techniques such as SMART (Simple 
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Modular Architecture Research Tool) breeding or breeding by design can make advantage of the 

combination of genomics and other omics technologies (Mathur et al., 2021). 

3. Proteomics 

The scientific study of proteins, primarily their function and assembly, is known as proteomics. It 

is a superb method for studying metabolic changes in response to varied unfavourable conditions. 

To characterise the thorough characterization of the whole protein part of a cell, tissue, or 

organism, the term "proteomics" was first used in 1995 (Evelien et al., 2012). 

3.1 Types of proteomics  

3.1.1 Structural proteomics 

Understanding the physical complexities of functioning proteins and their three-dimensional (3D) 

shape is made easier by structural proteomics. When the amino acid sequence of a protein is fixed 

in stone, either by sequencing or by a process known as homology modelling, it is considered that 

the protein exists. This approach provides detailed confirmation of the design and function of 

protein complexes in a given cell organelle. Knowing every protein in composite structures such 

as membranes, ribosomes, and cell organelles, as well as analysing every protein complex that 

may occur inside them, are both conceivable. For structural fortitude, X-ray crystallography and 

nuclear magnetic resonance (NMR) spectroscopy were utilised (Beale, 2020). 

3.1.2 Functional proteomics  

This technique describes how proteins perform an empathetic role in the cell, as well as sly 

molecular tactics based on the discovery of linked protein complexes. The complexities of a 

peculiar protein, with complexes suited to a certain protein engaged in a specific way, will be 

disturbingly similar to its biological function. A full explanation of the multiple intracellular 

signalling processes may be required to appreciate the description of protein-protein interactions 

in vivo (Liu et al. 2018; Popp and Maquat 2018; Heusel et al. 2019; Schaffer et al. 2019; Bludau 

and Aebersold 2020; Salas et al. 2020). 

3.1.3 Expression proteomics 

Expression proteomics is used to show entire proteins in two contexts in a qualitative and 

quantitative manner. Naturally, the study of expression protein decorations in abnormal cells is 

related to that of expression proteomics. Two-dimensional (2D) gel electrophoresis and mass 

spectrometry studies have been suggested for visualising the protein expressional behaviours, 

whether or not a protein is expressed in a cancer cell (Mathur et al., 2021). When connected, these 

activities can be identified as signalling pathways, multiprotein complexes, and protein 

achievements (Kwok et al. 2020). 

3.2 Techniques involved in proteomics  

Both logical and bioinformatics techniques have been proposed in this area of biological sciences 

to identify protein structure and function. These tools include of 2D gel electrophoresis; 

MALDI-TOF-MS (matrix-assisted laser desorption/ionization time-of-flight mass spectrometry) 

and some other recent techniques. 

3.2.1 2D gel electrophoresis 

Isoelectric focusing (IEF), a technique used in 2D gel electrophoresis, is used to quantify protein 

tissues, followed by molecular weight. The result is a shadow made up of many tiny dots, each of 

which represents a protein. 1000–2000 protein spots may be seen on a large 2D gel, and these 

spots can be seen after staining as gel dots. This approach is especially suggested when comparing 

identical samples to identify specific protein variations. Additionally, a concentration of the 
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protein solution is created before being used for IEF. Key protein solubility, natural charge, and 

relative presence are some particular considerations. The isoelectric point is used to distinguish 

proteins (pI). The sample is loaded as a pH gradient employing sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and various expressed proteins are 

loaded in accordance with size using an appropriate immobilised pH gradient (IPG) strip of a 

certain length. Proteins are further sorted by size using SDS-PAGE, and the best-sized proteins are 

then chosen. Fluorescent protein tags are used to screen proteins. The next step is the acquisition 

of digital photographs utilizing 2D setups and the best imaging hardware and software. After that, 

2D software is used to study the expression methods. A concentrated protein is separated from the 

gel and digested (Mathur et al., 2021). 

3.2.2 MALDI-TOF 

The investigation of biomolecules including proteins, peptides, and DNA is the sole application of 

the revolutionary method known as MALDI-TOF, which makes use of soft ionisation technology 

in spectrometry. The minor instability and thermal shakiness of these synthetic polymers and 

biologically active chemicals restrict the use of MS as a tool for identifying a specific protein of 

interest. These kinks have been ironed out thanks to advancements of MALDI-TOF-MS, which is 

often employed for the molecular weight evaluation of bioactive compounds by vaporisation and 

ionisation. Ionising the sample with a laser beam has been suggested; it does not render the 

chemical inactive and it continues to exist in its natural condition thereafter (Hou et al. 2019). 

3.3 Advances in proteomics methods 

3.3.1 ICAT, or isotope-coded affinity tag 

It is used to quantify proteomics that depends on synthetic labelling agents and is free from the gel. 

These probes have three main components: an isotopically coded linker, an identified side chain of 

amino acids, and a docking site for the empathy separation of tagged proteins and peptides. Each 

sample is marked with isotopic light for the quantitative analysis of two proteomes, while the 

other sample is marked with a large report. Both samples had isotope-coded tagging mixes applied 

to them. LC-MS is used to research these peptides. Typically, deuterium tags are employed. The 

method is specifically used to quantify proteins virtually in two or more biological samples. is that 

can be seen can be used in this approach (Mathur et al., 2021). 

3.3.2 Isobaric tags for relative and absolute quantification (iTRAQ) 

For counting proteins, the non-gel-based approach of utilising iTRAQ is also proposed. It is used 

in proteomics to analyse quantitative changes in the proteome. The reagents 4-plex and 8-plex can 

be used to tag all peptides from various samples by covalently attaching the N-terminus and 

side-chain amines of peptides from protein cleavage with tags of varied weight. MS/MS analysis 

of additional samples is possible. Various tools, such as j-Tracker and j-TraqX 20, should be used 

to evaluate the MS/MS spectra (Morales et al., 2017). 

3.3.3 Absolute quantification (AQUA) 

For research on the unqualified measurement of proteins and their various forms, the AQUA 

approach is advised. To create in vitro proteins, covalent modifications are used. These changes 

share chemical similarities with posttranslational processes that are logically present. With the use 

of a tandem MS, these kinds of peptides are used to count the post-translational changed proteins 

after full digestion (Schnatbaum et al. 2020). 

3.3.4 Electrospray ionisation-quadrupole-ion trap-mass spectroscopy 

(ESI-Q-IT-MS) 
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Proteomics makes great use of ESI-Q-IT-MS. Ionization proteins in ESI are charged differently 

and are ionized in solution. The advantage of using this approach for investigations on the mass of 

proteins is that the TOF detector has great mass precision in this examination region and that 

proteins' substantial charge state causes their m/z dimensions to generally be less than 2000. The 

results are more accurate ESI-Q-TOF mass measurements for proteins (Bian et al. 2020). 

3.3.5 Surface-enhanced laser desorption/ionization (SELDI) TOF-MS 

Protein mixtures are determined using the (SELDI) TOF-MS method, an ionization assay used in 

MS. To screen proteins in clinical trials and to compare the number of proteins with and without a 

disease that may be indicated for biomarker research, SELDI is notably employed with TOF mass 

spectrometers (Hill et al. 2020).  

4. Applications of proteomics  

The first step is to examine the peptide sequence after receiving fragmentation spectra data from 

MS. Two of these techniques are de novo peptide sequencing and probing against databases of 

fragmentation spectra (Chen et al. 2020). The pattern of all expressed or expected protein 

sequences that have been in silico cleaved is used to create a target database in the latter 

procedures. A peptide spectrum match (PSM) score is then computed for each fragmentation 

spectrum and each piece of experimental fragmentation spectrum evidence from the target 

database. The query peptide can be given top priority by preserving the peptide with the greatest 

PSM score. It is a never-ending problem to select the finest probing algorithms that deliver the 

best peptide spectrum matching findings from databases. The basis for recording purposes in 

traditional protein database search engines like SEQUEST is standardised cross-correlation of the 

mass-to-charge ratio assumed from the identified sequence of amino acids in databases and the 

fragment ions recognised from the tandem mass spectrum (Timp and Timp 2020). MASCOT 

(Timp and Timp 2020), another well-known programme developed later, packs a 

probability-based score for protein identification utilising frame capacity, protein sequence data, 

peptide molecular weights from protein absorption, and tandem MS data. 

4.1 Gene ontology (GO) 

Gene Ontology (GO) is the method that is most typically used to advance analysis. In order to 

decrease the severance in expressions, it is characterised as a set of preset clusters to which certain 

genes have been assigned according to their functional properties. The GO keywords are made up 

of three major word groups: "molecular function," "the biological process," and "cellular 

component." Each sentence has a connection to the others and can be recognised differently. The 

AmiGO database (Munoz-Torres and Carbon 2017) has GO word footnotes for numerous species, 

however not every protein has a precise and comprehensive annotation. The use of informative 

GO keywords from other proteins in the same database can help proteins with incomplete 

interpretations. GO term assumption techniques such ProLoc-GO (Lande et al. 2020), PFP (Wang 

et al. 2020), and IGNA (Piovesan et al. 2015) might be used to avoid these time-consuming 

activities.  

The most often utilised statistical tests suggested in GO enrichment are the Fisher's exact 

test and the hypergeometric test. According to statistics, significant GO keywords are those that 

seem to repeat in the effort protein slope more often than would be predicted under normal 

conditions and may have indicated extraordinary biological mechanisms that need more research. 

Since GO keywords often characterise ORF products rather than recognised methodologies, 

scientists should carefully analyse the GO words in the improved findings to verify that they have 



Octa Journal of Biosciences 2023  
 

32 

 

significant ties between the correct forms and linked genes. As with GO terms, previous 

familiarity with stabilised mechanism networks and disorders may be used to finish augmentation 

research (Welzenbach et al. 2016). Biological pathways show a plausible biological process by 

explaining how chemicals within a cell react chemically in predictable ways. Databases like 

PANTHER and Reactome (Aslam et al. 2017) contain the interface mappings for multiple 

mechanisms together with a selection of improvement tools in order to achieve enhancement 

consistently on the database webpage. For instance, the R package Path view (Luo and Brouwer 

2013) supports the KEGG route (Kanehisa et al. 2017) produced data aggregation and visualising. 

Protein set enrichment analysis (PSEA), a variant of gene set enrichment analysis (GSEA), is 

another popular enrichment technique. A weighted running total statistic is used to calculate the 

PSEA's upgrading score, and proteins that don't undergo sufficiently major modifications may 

have a negative effect on the score. Many various kinds of GSEA software can do PSEA, although 

programmes designed exclusively for protein quantification data, such PSEA-Quant 

(Lavallée-Adam et al. 2014), could offer a more practical and acceptable method for proteomics. 

4.2 Agriculture-related applications 

Promising advancements in plant proteomics have been made. Additionally, plant proteomics is 

utilized to identify plant-insect connections that help identify important genes involved in the 

defense mechanisms of plants against herbivores. The stability of agricultural crop yields is 

severely constrained by the rise of the population and the impact of global atmospheric changes 

(Chin and Tan 2018). Food technology frequently uses proteomics for resource discovery and 

optimisation, course innovation, revealing batch-to-batch variances, and switching the superiority 

of the final product. In particular, biological and microbiological securities as well as the usage of 

genetically modified crops are the subjects of more study on the aspects of food safety (Wu et al. 

2017). 

5.  The most recent in-silico prediction tools 

The prediction tool evolved into a useful tool for studying new sequencing data. Due to the 

availability of multiple bioinformatic tools, it is now possible to anticipate a gene's presence in a 

sequence as well as its protein's structure and function, hence saving time and resources during 

validation. Following is a discussion of some of the prediction tools: 

 

5.1 Tools for predicting genes 

Exploring the existing sequences that are stored in the databases is a crucial aspect of genome 

annotation. The current aim is to annotate the existing genome for study and beneficial uses 

utilising existing high-throughput sequencing technologies. Gene prediction tools (table 1.) might 

be valuable in this research. The primary techniques used in gene prediction include finding 

transcriptional regulatory sites, spile sites, poly-A tail sites, translation start/stop sites, ORFs, and 

homology searches. 
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Table 1. Various bioinformatics tools used for predicting genes structure and their function 

Name Description Species References 

FINDER RNA-Seq data and related protein 

sequences can be used to annotate 

eukaryotic genes. 

Eukaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-pm

id33879057-1 

FragGeneScan sequencing and predicting genes in whole 

genomes Read 

Prokaryotes, 

Metagenom

es 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-2 

AUGUSTUS Tools for eukaryote gene predictor Eukaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-pm

id21216780-5 

EasyGene A hidden Markov model (HMM) that is 

automatically calculated for a fresh 

genome serves as the foundation for the 

gene finder. 

Prokaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-8 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-9 

Eugene Integrative gene finding Prokaryotes, 

Eukaryotes 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-10 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-11 

FGENESH Multiple genes, both chains, HMM-based 

gene structure prediction 

Eukaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-pm

id10779491-12 

GeneParser Distinguish between introns and exons in 

DNA sequences. 

Eukaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-18 

ORFfinder All open reading frames may be found 

using a graphical analysis tool. 

Prokaryotes, 

Eukaryotes 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-40 

GeneTack Predicts prokaryotic genomes with 

frameshift genes 

Prokaryotes https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-pm

id20556861-23 

BioNIX GRAIL, FEX, HEXON, MZEF, 

GENEFINDER, FGENE, BLAST, 

POLYAH, REPEATMASKER, and 

TRNASCAN are some examples of 

websites that mix the output of several 

programmes. 

Prokaryotes, 

Eukaryotes 

https://en.wikipedia.org/wiki/List_of_g

ene_prediction_software#cite_note-37 

 

 

5.2 Software used to predict genes sequence 

5.2.1 Similarity-based 

It is the easiest method for determining how closely two gene sequences match those of other 

genomes' genes, ESTs, and proteins. For identification, these strategies make use of local and 

global alignments. BLAST uses local alignments to determine how similar genes, ESTs, and 

proteins are to one another. Global alignments use homologous proteins of translated ORFs in a 

genomic sequence to predict genes. 

https://github.com/sagnikbanerjee15/Finder
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid33879057-1
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid33879057-1
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid33879057-1
https://omics.informatics.indiana.edu/FragGeneScan/
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-2
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-2
http://bioinf.uni-greifswald.de/augustus/
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid21216780-5
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid21216780-5
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid21216780-5
https://services.healthtech.dtu.dk/service.php?EasyGene-1.2
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-8
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-8
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-9
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-9
http://eugene.toulouse.inra.fr/
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-10
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-10
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-11
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-11
http://www.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid10779491-12
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid10779491-12
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid10779491-12
http://stormo.wustl.edu/src/GenParser/
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-18
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-18
https://www.ncbi.nlm.nih.gov/orffinder/
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-40
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-40
https://en.wikipedia.org/wiki/GeneTalk
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid20556861-23
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid20556861-23
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-pmid20556861-23
https://github.com/PapenfussLab/bionix
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-37
https://en.wikipedia.org/wiki/List_of_gene_prediction_software#cite_note-37


Octa Journal of Biosciences 2023  
 

34 

 

5.2.2 Ab initio-based 

Ab initio gene predictions rely on the recognition of gene architecture rather than similarities. It 

frequently uses the gene model to discover any genes. This technique makes use of the signal and 

content sensors. Signal sensors are able to recognise splice sites, poly-A tail sites, and translation 

starts/stop sites whereas content sensors employ statistical detection methods to distinguish exonic 

codons from noncoding. This method enables the use of gene prediction tools like Gene ID and 

Genie (Wang et al. 2004). 

5.2.3 Combined evidence-based  

In this model, which integrates the aforementioned model methodologies, the gene model is 

coupled with alignment with recognised ESTs and proteins. When compared to the first two 

procedures, they produce the best results. Brendel et al. (2004) used GeneSeqer in a combined 

evidential technique. 

5.3 Protein prediction software 

Proteins are the end product of fundamental dogma. Because of advances in sequencing 

technology, the quantity of protein sequences is increasing on a daily basis. For academics, 

determining such sequence structure and function is a time-consuming task. Using protein 

prediction methods, the "sequence structure/function gap" can be bridged. Protein prediction tools, 

like gene prediction tools, identify the protein using one of three approaches, which are described 

below (table 2.). 

5.3.1 Homology modelling  

The similarity between formerly existing proteins in databases is a key component of this 

similarity-based strategy, or template protein and candidate protein. In this approach, the 

proportion of identical residues and the amino acid sequences decide the structure, making it the 

simplest. The identification and initial alignment of templates, alignment corrections, backbone 

generation, loop modelling, side-chain modelling, model optimisation, and model validation are 

the seven primary steps that go into homology modelling (Krieger et al. 2003). The different tools 

are given in table 2 used for predicting proteins (Homology modelling). 

Table 2. Tools for predicting proteins 

Name Method Description Link 

IntFOLD A unified interface used for Tertiary structure 

prediction/3D modelling, 3D models quality 

assessment, Intrinsic disorder prediction, Domain 

prediction, Prediction of protein-ligand binding 

residues 

Automated web server and 

a few programmes for 

download 

https://www.readi

ng.ac.uk/bioinf/In

tFOLD/ 

RaptorX Protein 3D modelling, distant homology discovery, 

and binding site prediction 

a downloaded software 

and an automated web 

server 

http://raptorx.uchi

cago.edu/ 

Biskit External programmes are bundled into an automated 

process 

T-Coffee alignment, 

BLAST search, and 

MODELLER building 

http://biskit.sf.net/ 

ESyPred3D Template recognition, alignment, and 3D modelling Webserver that is 

automatically updated 

http://www.fundp

.ac.be/urbm/bioin

https://en.wikipedia.org/wiki/IntFOLD
https://www.reading.ac.uk/bioinf/IntFOLD/
https://www.reading.ac.uk/bioinf/IntFOLD/
https://www.reading.ac.uk/bioinf/IntFOLD/
https://en.wikipedia.org/wiki/RaptorX
http://raptorx.uchicago.edu/
http://raptorx.uchicago.edu/
https://en.wikipedia.org/wiki/Biskit
http://biskit.sf.net/
https://en.wikipedia.org/wiki/ESyPred3D
http://www.fundp.ac.be/urbm/bioinfo/esypred/
http://www.fundp.ac.be/urbm/bioinfo/esypred/
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fo/esypred/ 

FoldX Protein design and energy calculations Downloadable software http://foldx.crg.es

/ 

 

Phyre and 

Phyre2 

Used to search remote template identification, 

alignment, 3D modelling, multi-templates, and ab 

initio study. 

Webserver with task 

management, fold library 

that is automatically 

updated, genome 

searching, and other 

features 

http://www.sbg.bi

o.ic.ac.uk/~phyre/ 

HHpred Template recognition, alignment, and 3D modelling Webserver that is 

interactive and provides 

assistance 

http://arquivo.pt/

wayback/2016051

4083149/http%3

A//toolkit.tuebing

en.mpg.de/hhpred 

MODELLER Satisfaction with spatial limitations The standalone 

programme is written 

primarily in Fortran and 

Python. 

https://salilab.org/

modeller/ 

CAN FOLD Contact satisfaction and distance constraints 
The standalone 

programme is written 

primarily in Fortran and 

Perl. 

https://github.com

/multicom-toolbo

x/CONFOLD 

 

MOE 

(Molecular 

Operating 

Environment) 

Loop modelling, rotamer libraries for sidechain 

conformations, and utilising MM forcefields, as well 

as template identification, multiple template use, 

and accounting for additional environments (e.g., 

excluded ligand volumes) 

Platform proprietary, 

available on Windows, 

Linux, and Mac. 

http://www.chem

comp.com/ 

ROBETTA 
Rosetta homology modelling and fragment 

assembly used for Ginzu domain prediction 

Webserver http://robetta.bake

rlab.org/ 

BHAGEERA

TH-H 

Methods of ab initio folding and homology are 

combined. 

Predictions of protein 

tertiary structure 

http://www.scfbio

-iitd.res.in/bhagee

rath/bhageerath_h

.jsp 

SWISS-MOD

EL 

Local resemblance/fragment assembly Web server automation 

(based on ProModII) 

http://swissmodel.

expasy.org/ 

http://www.fundp.ac.be/urbm/bioinfo/esypred/
https://en.wikipedia.org/wiki/FoldX
http://foldx.crg.es/
http://foldx.crg.es/
https://en.wikipedia.org/wiki/Phyre_/_Phyre2
https://en.wikipedia.org/wiki/Phyre_/_Phyre2
http://www.sbg.bio.ic.ac.uk/~phyre/
http://www.sbg.bio.ic.ac.uk/~phyre/
https://en.wikipedia.org/wiki/HHpred_/_HHsearch
http://arquivo.pt/wayback/20160514083149/http%3A/toolkit.tuebingen.mpg.de/hhpred
http://arquivo.pt/wayback/20160514083149/http%3A/toolkit.tuebingen.mpg.de/hhpred
http://arquivo.pt/wayback/20160514083149/http%3A/toolkit.tuebingen.mpg.de/hhpred
http://arquivo.pt/wayback/20160514083149/http%3A/toolkit.tuebingen.mpg.de/hhpred
http://arquivo.pt/wayback/20160514083149/http%3A/toolkit.tuebingen.mpg.de/hhpred
https://en.wikipedia.org/wiki/MODELLER
https://salilab.org/modeller/
https://salilab.org/modeller/
https://en.wikipedia.org/w/index.php?title=CONFOLD&action=edit&redlink=1
https://github.com/multicom-toolbox/CONFOLD
https://github.com/multicom-toolbox/CONFOLD
https://github.com/multicom-toolbox/CONFOLD
https://en.wikipedia.org/wiki/Molecular_Operating_Environment
https://en.wikipedia.org/wiki/Molecular_Operating_Environment
https://en.wikipedia.org/wiki/Molecular_Operating_Environment
https://en.wikipedia.org/wiki/Molecular_Operating_Environment
http://www.chemcomp.com/
http://www.chemcomp.com/
https://en.wikipedia.org/wiki/Rosetta@home#Robetta
http://robetta.bakerlab.org/
http://robetta.bakerlab.org/
https://en.wikipedia.org/wiki/Supercomputing_Facility_for_Bioinformatics_and_Computational_Biology
https://en.wikipedia.org/wiki/Supercomputing_Facility_for_Bioinformatics_and_Computational_Biology
http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp
http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp
http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp
http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp
https://en.wikipedia.org/wiki/SWISS-MODEL
https://en.wikipedia.org/wiki/SWISS-MODEL
http://swissmodel.expasy.org/
http://swissmodel.expasy.org/
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Yasara Ligand and oligomer modelling, template detection, 

alignment, and model fragment hybridization 

Text mode (clusters) or a 

graphical user interface 

http://www.yasar

a.org/ 

http://www.yasar

a.org/casp8.htm 

AWSEM-Suit

e 

Molecular dynamics simulation used to know 

co-evolutionarily history, template-guided, 

optimised folding landscapes 

Automated webserver http://awsem.rice.

edu/ 

 

 

5.3.2 Ab initio or de novo modelling  

When the proportion between the candidate protein and the proteins in the databases is low, this 

modelling is carried out (Faiza 2017). Native protein will be used in this simulation, which is 

based on free energy. For ab initio modelling, tools ( table 3) like ROSETTA and 

TOUCHSTONE-II (Zhang et al. 2003) are helpful. 

 

 

Table 3. Various tools for de novo or ab initio modelling 

Name Method Description Link 

trRosetta The trRosetta method used to predicts de novo 

protein structures quickly and precisely. It 

design the protein structure using constrained 

Rosetta and direct energy minimizations. A 

deep residual neural network's prediction of 

the inter-residue distance and orientation 

distributions is one of the constraints. 

source code and 

web server. 

Folding 300 

amino acids 

(AAs) or less 

proteins take 

around one 

hour. 

https://yanglab.nanka

i.edu.cn/trRosetta/ 

https://yanglab.nanka

i.edu.cn/trRosetta/do

wnload/ 

ROBETTA Ginzu domain prediction combined with 

Rosetta homology modelling and ab initio 

fragment assembly 

Webserver http://new.robetta.or

g/ 

Rosetta@home Rosetta algorithm implementation in 

distributed computing 

downloadable 

application 

 

http://boinc.bakerlab.

org/rosetta/ 

 

Abalone Folds in molecular dynamics 

 

Program http://www.biomolec

ular-modeling.com/

Abalone/Protein-fold

ing.html 

C-QUARK C-QUARK is a technique for predicting 

protein structures from scratch. based on 

contact-map predictions from simulations of 

fragment assembly that use deep learning. 

Webserver https://zhanggroup.or

g/C-QUARK/ 

 

 

 

https://en.wikipedia.org/wiki/Yasara
http://www.yasara.org/
http://www.yasara.org/
http://www.yasara.org/casp8.htm
http://www.yasara.org/casp8.htm
https://en.wikipedia.org/w/index.php?title=AWSEM-Suite&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=AWSEM-Suite&action=edit&redlink=1
http://awsem.rice.edu/
http://awsem.rice.edu/
https://en.wikipedia.org/w/index.php?title=TrRosetta&action=edit&redlink=1
https://yanglab.nankai.edu.cn/trRosetta/
https://yanglab.nankai.edu.cn/trRosetta/
https://yanglab.nankai.edu.cn/trRosetta/download/
https://yanglab.nankai.edu.cn/trRosetta/download/
https://yanglab.nankai.edu.cn/trRosetta/download/
https://en.wikipedia.org/wiki/Rosetta@home
http://new.robetta.org/
http://new.robetta.org/
https://en.wikipedia.org/wiki/Rosetta@home
http://boinc.bakerlab.org/rosetta/
http://boinc.bakerlab.org/rosetta/
https://en.wikipedia.org/wiki/Abalone_(molecular_mechanics)
http://www.biomolecular-modeling.com/Abalone/Protein-folding.html
http://www.biomolecular-modeling.com/Abalone/Protein-folding.html
http://www.biomolecular-modeling.com/Abalone/Protein-folding.html
http://www.biomolecular-modeling.com/Abalone/Protein-folding.html
https://zhanggroup.org/C-QUARK/
https://zhanggroup.org/C-QUARK/
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5.3.3 Threading 

The folds of the template and candidate proteins are used in threading for identification. In that a 

particular fold must be derived from a protein database, it is similar to homology modelling. This 

searches for related folds in proteins with evolutionary connections. THREADER, I-TASSER 

(Roy et al. 2010), COTH, and other programmes are examples of threading tools ( table 4).  

 

Table 4. The different threading tools used to elucidate protein structure and their modelling  

Name Method Description Link 

I-TASSER Reassembling fragmented 

structures using threading 

The protein 

modelling 

website server 

http://zhanglab.ccmb.med.umich.edu/I-TASSER/ 

http://zhanglab.ccmb.med.umich.edu/I-TASSER/download 

THREADER  

 

a programme called threading, 

which employs a thorough 3-D 

model of the protein structure 

in order to recognise folds. 

The online 

server is used for 

the 3-D 

representation of 

protein structure. 

https://bio.tools/threader 

 

COTH 

To find and assemble protein 

complex structures from both 

tertiary and complex structure 

libraries, researchers developed 

the multiple-chain protein 

threading method. 

the online tool 

for recognising 

and recombining 

protein complex 

structures 

https://zhanggroup.org/COTH/ 

 

 

6. Conclusion  

This review is focussed on the applications of proteomics in diverse areas of research and provides 

a technique to use the produced genomics and other omics resource in a more controlled manner. 

It does so based on the aforementioned important results and omics applications. It is essential to 

combine genome and proteome data with other omics activities to develop a fresh bioinformatics 

prototype. Since genes and proteins may be linearly ordered across the two omics domains, 

judgments between proteomics and transcriptomics can be made in a well-defined manner. Other 

omics data can also be used in the contrast design of protein signalling grids. According to the 

data at hand, alternative reconstructions of omics data are usually at odds with one another and 

MS-based proteomics will have garnered a lot of attention when seen from a multi-omics 

perspective. As a result, as new data are generated by the MS-based proteomics approach, the 

related bioinformatics tools need to be updated. Bioinformatics and genomics-related inspection 

processes have been addressed in the present review that may be utilized for crop improvement 

using these novel tools through incorporating useful genes for high yielding and quality traits. 
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