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Abstract 

 

The field of agriculture is facing 

significant challenges due to a growing global 

population, climate change, and diminishing 

natural resources. To ensure sustainable food 

production, there is an urgent need for 

innovative approaches to improve crop yields, 

nutritional content, and stress tolerance. In recent 

years, proteomics has emerged as a powerful 

tool for understanding the complex network of 

proteins involved in plant growth, development, 

and response to environmental stimuli. This 

chapter discusses various proteomic techniques, 

including gel-based and gel-free approaches, 

mass spectrometry-based methods, and protein-

protein interaction studies, highlighting their 

strengths and limitations. Researchers have 

gained insights into the mechanisms underlying 

nutrient uptake, disease suppression, and 

enhanced growth by studying the plant 

proteome. These findings can be exploited to 

enhance the nutritional value, flavor, and shelf 

life of crops, addressing the increasing demands 

of consumers for healthier and more sustainable 

food options. While proteomics has made 

significant strides in crop improvement, 

challenges still exist, such as the complexity of 

protein extraction, the dynamic nature of the 

proteome, and the need for robust data analysis 

pipelines. Overcoming these hurdles will require 

interdisciplinary collaborations and 

advancements in technology and bioinformatics. 

This chapter aims to provide an overview of the 

potential applications of proteomics in next-

generation agriculture and its role in crop 

improvement.  
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I. INTRODUCTION: PROTEOMICS AND CROP IMPROVEMENT 

 

According to an estimate by World Hunger Fact and Statistics, there are 

approximately 783 million people on the globe who live in a state of hunger 

(www.actionagainsthunger.org). Furthermore, the global human population reached 8.0 

billion in mid-November 2022, adding 2 billion people since 1998. The world’s population is 

anticipated to increase by nearly 2 billion persons in the next 30 years, from the current 8 

billion to 9.7 billion in 2050 and could crown at nearly 10.4 billion in the mid-2080s.By 

combining various factors and bolstering the plant breeding tools for crop advances, we can 

greatly enhance food production and supply in an endeavor to erase that unsightly patch of 

hunger from the lovely face of humanity [1]. A key challenge for plant breeders working on 

crop improvement projects is the small gene pool of domesticated crop species. A critical 

step in improving essential crop features is the identification of possibly beneficial genes 

from the animal and plant kingdoms. These genes are typically discovered through study in 

molecular biology, including genomics and proteomics. These recently found genes may 

benefit human society when they are introduced into a desired crop species and used in 

breeding operations. Additionally, climate change poses significant challenges, including 

increased occurrence of drought, salinity, heat, and pest infestations, which further threaten 

agricultural productivity. Addressing these challenges requires innovative approaches that go 

beyond traditional breeding methods. However, with the advent of molecular biology and 

genomics, significant progress has been made in understanding the genetic basis of plant 

traits. Nevertheless, the information provided by genomics alone is insufficient to decipher 

the complex regulatory networks and molecular mechanisms underlying plant growth, 

development, and response to environmental stresses 

 

Over the recent decade, the use of proteomics for crop plant analysis has grown 

dramatically. Although proteomic techniques are widely utilized in plant laboratories around 

the world and are effective research tools, there is still much opportunity for advancement. 

The fraction of the plant proteome that can be detected with current methodologies, in 

particular, is significantly smaller than that of other "Omics" techniques, and so does not 

provide a complete picture of the cellular proteins. Proteomics, as a discipline, has 

revolutionized our understanding of complex biological systems by focusing on the 

comprehensive study of proteins, their structure, function, and interactions within cells and 

organisms. With the ever-growing global population, climate change, and limited availability 

of arable land and resources, there is a pressing need to develop sustainable and efficient 

agricultural practices. Crop improvement, aimed at enhancing crop productivity, quality, and 

stress tolerance, is essential to meet the increasing demands for food, feed, and bioenergy. By 

employing proteomic techniques, researchers aim to identify key regulatory proteins, 

elucidate signaling pathways, and discover novel biomarkers that can contribute to crop 

improvement and sustainable agriculture. Traditionally, crop improvement strategies relied 

on classical breeding techniques, which often took several years to develop new varieties 

with desired traits.  

 

This is where proteomics steps in. Proteomics complements genomics by providing 

insights into the dynamic and functional aspects of the plant proteome, which comprises the 

entire set of proteins expressed in a specific tissue, developmental stage, or under different 

environmental conditions. By studying the proteome, proteomics enables researchers to 

identify and quantify proteins, understand their interactions and modifications, and unravel 
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their roles in various cellular processes. In the context of crop improvement, proteomics 

offers several distinct advantages. Firstly, it provides a direct measurement of the functional 

molecules responsible for plant phenotypes. Proteins are the primary effectors of biochemical 

reactions and cellular processes, making them crucial targets for crop enhancement. 

Secondly, proteomics can identify proteins that are specifically induced or suppressed under 

stress conditions, facilitating the discovery of stress-responsive biomarkers. These 

biomarkers can be utilized for early stress detection, monitoring crop health, and guiding 

breeding programs for stress tolerance. Furthermore, proteomics aids in unraveling the 

complexities of post-translational modifications (PTMs), which play crucial roles in protein 

function and regulation. PTMs, such as phosphorylation, acetylation, and glycosylation, can 

modulate protein activity, stability, and subcellular localization [2]. Understanding these 

modifications is essential for deciphering plant signaling pathways and regulatory networks. 

 

In recent years, significant progress has been made in proteomic techniques, including 

advancements in protein separation, identification, and quantification methodologies. Mass 

spectrometry-based approaches, such as liquid chromatography-mass spectrometry (LC-

MS/MS), have revolutionized the field by enabling high-throughput and comprehensive 

analysis of complex protein mixtures. Additionally, advancements in bioinformatics tools and 

data analysis algorithms have improved the interpretation and integration of large-scale 

proteomic datasets.The integration of proteomics with other omics technologies, such as 

genomics, transcriptomics, and metabolomics, is also crucial for a systems biology approach 

to crop improvement. Integrative analysis of multi-omics data allows for a comprehensive 

understanding of the molecular interactions and regulatory networks that govern plant growth 

and stress responses. 

 

In conclusion, proteomics offers a powerful approach for studying the plant proteome 

and its implications in crop improvement. By providing insights into protein expression, 

function, and interactions, proteomics can guide the development of genetically improved 

crop varieties with enhanced yield, quality, and stress tolerance. The integration of 

proteomics with other omics technologies and the development of standardized protocols and 

bioinformatics tools will further advance our understanding of plant biology and contribute to 

the sustainable future of agriculture. 

 

II. ROLE OF PROTEOMICS IN AGRICULTURE 

 

Proteomics has emerged as a powerful tool in the field of agriculture, offering 

valuable insights into the complex molecular processes underlying plant growth, 

development, and response to environmental stresses. By comprehensively studying the 

proteome, which represents the entire complement of proteins in an organism, proteomics 

enables researchers to identify key regulatory proteins, elucidate signaling pathways, and 

discover biomarkers associated with stress tolerance and nutritional traits. This knowledge is 

crucial for developing innovative strategies to enhance crop productivity, quality, and 

sustainability. 

 

1. Understanding Plant Stress Responses: Proteomics plays a vital role in unraveling the 

molecular mechanisms by which plants respond to abiotic and biotic stresses, such as 

drought, salinity, heat, cold, pathogens, and pests. Proteomic studies have identified 

stress-responsive proteins, including molecular chaperones, antioxidant enzymes, and 
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defense-related proteins, providing insights into the adaptive strategies employed by 

plants to withstand adverse conditions [3]. For example, a study on wheat under drought 

stress revealed differentially expressed proteins involved in stress signaling, osmotic 

regulation, and reactive oxygen species scavenging, contributing to a better understanding 

of drought tolerance mechanisms [4]. 

 

2. Unraveling Plant Development and Physiology: Proteomics facilitates the investigation 

of protein expression patterns during various stages of plant development, differentiation 

of tissues, and response to hormonal signals. It helps in identifying key regulatory 

proteins involved in growth, flowering, fruit development, and senescence [4]. For 

instance, proteomic analysis of tomato fruit ripening identified proteins associated with 

ethylene signaling, cell wall remodeling, and pigment synthesis, shedding light on the 

molecular events underlying fruit ripening [5]. 

 

3. Enhancing Nutritional Traits: Proteomic approaches contribute to improving the 

nutritional quality of crops by identifying proteins associated with essential nutrients and 

anti-nutritional factors. By characterizing the proteome of biofortified crops, researchers 

can identify proteins involved in nutrient accumulation and bioavailability, facilitating the 

development of crops with enhanced nutritional content. For example, proteomics has 

been employed to investigate iron and zinc accumulation in staple crops like rice and 

wheat, providing insights into the molecular basis of nutrient uptake, transport, and 

storage [6, 7] 

 

4. Uncovering Protein-Protein Interactions and Signaling Networks: Proteomics enables 

the exploration of protein-protein interactions and signaling networks in plants, 

uncovering the complex regulatory mechanisms governing various physiological 

processes. Techniques such as yeast two-hybrid and affinity purification coupled with 

mass spectrometry have been employed to identify protein interaction partners and map 

signaling pathways [7]. These studies have provided valuable insights into protein 

complexes involved in plant hormone signaling, stress responses, and developmental 

processes. 

 

5. Integrating Proteomics with Other Omics Technologies: The integration of proteomics 

with other omics technologies, such as genomics, transcriptomics, and metabolomics, 

allows for a systems biology approach to understand plant biology comprehensively. By 

combining multi-omics datasets, researchers can unravel the intricate interactions 

between genes, transcripts, proteins, and metabolites, providing a holistic view of plant 

molecular networks [8, 9]. This integrative approach aids in identifying novel targets for 

crop improvement and understanding the functional relevance of different molecular 

components. 
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Figure 1: Role of Proteomics in agriculture 

 

III. PROTEOMIC TECHNIQUES FOR CROP ANALYSIS AND IMPROVEMENT 

 

Proteomic techniques have revolutionized the field of crop science, providing 

valuable insights into the complex molecular processes underlying plant growth, 

development, and responses to environmental stresses. By comprehensively studying the 

proteome - the entire set of proteins expressed by an organism or tissue - researchers can 

unravel the functional roles of proteins, identify key regulatory factors, and discover potential 

targets for crop improvement. In this article, we explore some of the proteomic techniques 

used in crop analysis and improvement. Several distinct types of proteomics approaches have 

been developed, each with its specific focus and applications. Here are some commonly 

employed types of proteomics: 

 

1. Expression Proteomics: Expression proteomics aims to identify and quantify changes in 

protein expression levels under different conditions or in response to specific stimuli. 

This type of proteomics involves techniques such as two-dimensional gel electrophoresis 

(2-DE) and shotgun proteomics, which utilize mass spectrometry-based methods for 

protein identification and quantification. Expression proteomics provides insights into 

differential protein expression patterns, enabling the identification of proteins associated 

with specific biological processes or disease states [10]. 

 

2. Structural Proteomics: Structural proteomics focuses on determining the three-

dimensional structures of proteins, which are crucial for understanding their functions and 

interactions. Structural proteomics employs techniques such as X-ray crystallography, 

nuclear magnetic resonance (NMR) spectroscopy, and cryo-electron microscopy (cryo-

EM). These methods allow researchers to visualize the atomic-level details of protein 

structures, aiding in the identification of protein binding sites, enzymatic mechanisms, 

and drug target interactions [10]. 
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3. Functional Proteomics: Functional proteomics aims to elucidate the functional roles of 

proteins within a cellular or organism context. It involves studying protein-protein 

interactions, protein modifications, and protein localization. Techniques commonly 

employed in functional proteomics include yeast two-hybrid assays, co-immuno 

precipitation, protein microarrays, and mass spectrometry-based analysis of post-

translational modifications (PTMs) such as phosphorylation, acetylation, and 

glycosylation. Functional proteomics provides insights into protein networks, cellular 

signaling pathways, and regulatory mechanisms [10]. 

 

4. Interactomics: Interactomics focuses on mapping protein-protein interactions within a 

biological system. This type of proteomics utilizes various techniques, including affinity 

purification coupled with mass spectrometry (AP-MS), co-immunoprecipitation, and 

protein fragment complementation assays. Interactomics enables the identification of 

protein complexes, signaling cascades, and dynamic interactions between proteins, 

shedding light on cellular processes and pathways [11]. Affinity purification coupled with 

mass spectrometry (AP-MS) is commonly used to identify interacting partners of a 

specific protein. This technique involves the isolation of a protein of interest and the 

identification of associated proteins using mass spectrometry. Other methods, such as 

yeast two-hybrid and co-immunoprecipitation, also enable the identification and 

characterization of protein-protein interactions. Understanding PPIs in crops provides 

insights into signaling pathways, protein complex formation, and regulatory networks. 

 

5. Metaproteomics: Metaproteomics involves the study of the collective proteome of a 

microbial community present in an environmental sample. This approach combines 

techniques from proteomics and metagenomics to analyze complex microbial ecosystems. 

Metaproteomics allows for the identification and characterization of microbial species, 

their functional activities, and the interactions between community members. It provides 

valuable insights into microbial ecology, biogeochemical cycles, and host-microbe 

interactions [12]. 

 

 
 

Figure 2: Proteomics branches 
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IV. PROTEOMICS ANALYSIS TECHNIQUES FOR CROP IMPROVEMENT 

 

Protein expression analysis broadly includes following areas viz., (a) Conventional 

Techniques, (b) Advanced Techniques, (c) Quantitative Techniques and (d) Bioinformatics 

Analysis. 

 

1. Conventional Techniques: Conventional methods for protein purification includes 

mainly chromatography-based techniques, viz., Ion Exchange Chromatography (IEC), 

Affinity Chromatography, Size Exclusion Chromatography (SEC) etc. The Western 

blotting technique is used to detect protein N terminal amino acids. Such methodologies 

are frequently confined to studying a few distinct proteins and are unable to establish the 

level of protein expression. 

 

 Ion Exchange Chromatography (IEC):  The IEC approach is used to separate 

various proteins present in a mixture based on the ionic charges of the relevant 

proteins' surfaces. Proteins are polymers of zwitter ionic amino acid sequences; some 

amino acids have an additional negative charge (anionic), while others are cationic. A 

protein's total charge is reflected by its physiological pH in equilibrium condition. 

IEC first differentiates the protein based on its charge (anionic and cationic), followed 

by a comparative charge intensity. 

 

 Size Exclusion Chromatography (SEC): Proteins are passed through a stationary 

phase of porous beads with various pore diameters in SEC. Proteins are classified here 

according to their molecular sizes. SEC can differentiate proteins in a variety of 

physiological conditions such as the presence of ions, detergents, co-factors, or at 

different temperatures. It can separate proteins with low molecular weight and is a 

significant approach for the purification of non-covalent multimetric protein 

complexes under biological [13]. 

 

 Affinity chromatography: A stationary phase in affinity chromatography is a matrix 

to which antibodies are linked. Proteins operate as antigens, and proteins are separated 

depending on antigen-antibody interactions. Identification of microbial enzymes 

responsible for pathogenicity is one of its significant applications[13]. Grice used 

metal chelate affinity chromatography to isolate homo and hetero dimer components 

of HIV-I reverse transcriptase enzyme [14]. 

 

 Western blotting technique: The Western blotting technique detects low abundance 

proteins using electrophoresis. Proteins are transferred to a nitrocellulose membrane 

that is positively charged. Proteins with negative charges bind to the membrane. 

Primary antibodies bind to the target protein, leaving uncharged regions. Milk protein 

is utilized as a mask to prevent non-specific binding.The system has been cultured 

with X-phos. Following the elimination of phosphate from X-phos, a secondary 

antibody with alkaline phosphatase tag is linked to the tail of the primary antibody. As 

a result, blue precipitate is formed, indicating that the specific protein has been 

isolated. Western blotting techniques are used to detect antigens from various 

microorganisms in order to diagnose various infectious illnesses. This approach was 

used to identify ten key rice proteins. In rice, EF1-_ and HSPs were substantially 
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expressed proteins [15]. Kollerovaet al [16] extracted PPV virus capsid proteins from 

Nicotianabenthamiana samples. 

 

2. Advanced Techniques: Protein microarrays or chips are used to analyze protein 

expression. Protein microarrays, on the other hand, are insufficient for investigating the 

involvement of the entire genome. On the other hand, the Edman degradation method was 

developed for identifying the amino-acid sequences of a specific protein molecule.  

 

 Protein Microarrays: Protein Microarrays are utilized for high throughput sample 

amount protein identification. It is classified into three types: analytical microarray 

techniques, functional proteins, and reverse phase microarray. Proteins are detected in 

Antibody microarray via direct marking after antibody capture. This method is 

commonly used to calculate protein expression levels and binding affinities. 

Analytical and experiment-based methodologies have been developed to identify 

cellular signaling pathways and characterize plant kinases utilizing protein 

microarrays [17]. 

 

 Functional Protein Microarray A functional protein microarray is constructed 

using purified protein, allowing the analysis of various types of interactions such as 

DNA with protein, RNA with protein, protein-protein, ligand and protein, lipid with 

protein, enzyme-substrate interaction, and so on. It has the potential to change the 

roles of thousands of proteins. The microarray technique was first used to 

investigate the degree of substrate specificity of yeast enzyme kinases.The 

relationship of protein-protein interactions in Arabidopsis thaliana was examined, 

and CML and CaM proteins were found [18]. 

 Reverse Phase Protein Microarray In reverse phase protein microarray analysis, 

cell lysates from various cell stages are put on nitrocellulose slides and tested with 

target protein antibodies. Antibodies are detected using a combination of 

fluorescent, chemiluminescent, and colorimetric chemicals. For protein quantitation, 

reference peptides are written on slides [19]. These microarrays calculate abnormal 

proteins that are indicators of a certain ailment. 

 

 SDS-PAGE (Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis) SDS-

PAGE is used to separate proteins based on their molecular sizes, which are 

determined using an approximation of the associated molecular weights [21]. An 

electric field is used to move proteins through a liquid with a pH different from their 

individual isoelectric point. Because of the m/z ratio of their mass and ionic charge, 

various proteins in the mixture move at different rates. Sodium dodecyl sulfate 

denatures the proteins, causing them to separate completely according to molecular 

weight. This method looked at outer membrane proteins from Escherichia coli that 

were not capable of producing K1 antigen [22]. The storage proteins of chickpea 

(Cicerarientinum) leaves and seeds were profiled under drought stress and control 

circumstances. Using this method, storage proteins found in the seeds of Brassica 

species are identified in order to study the molecular divergence of diverse genotypes. 

 

 Two-Dimensional Gel Electrophoresis (2-DE) is a traditional proteomic technique 

for protein separation and visualization based on isoelectric point (pI) and molecular 
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weight. Proteins are separated on a gel by their charge in the first dimension 

(isoelectric focusing) and size in the second dimension (sodium dodecyl sulfate-

polyacrylamide gel electrophoresis) in 2-DE [23]. This method detects differentially 

expressed proteins comparing samples, revealing changes in protein abundance linked 

with diverse circumstances or treatments. It can distinguish between 5,000 different 

proteins at the same time. In the first step, proteins are passed through the gel matrix 

and sorted based on their charges. Proteins are differentiated in the second dimension 

based on their masses. Cell membrane proteins from Listeria monocytogenes and 

Listeria innocua were examined using 2D-PAGE to visualize isolated proteins, and 30 

different types of proteins were isolated [24]. This technique is used to compare the 

virulence factors and exotoxins produced by two enterotoxigenic Staphylococcus 

aureus strains derived from food [25]. 

 

 Mass Spectrometry (MS)-Based Proteomics is an effective method for identifying 

and quantifying proteins. It entails ionizing proteins or peptides and separating them 

according on their mass-to-charge ratio. Mass spectrometry, when combined with 

different separation techniques such as liquid chromatography (LC) or capillary 

electrophoresis (CE), allows for the detection, characterization, and quantification of 

proteins in complicated mixtures. Shotgun proteomics and targeted proteomics, for 

example, provide crucial insights into protein expression, post-translational changes, 

and protein-protein interactions in crops [26]. 

 

 Edman Sequencing Edman sequencing was developed by Pehr Edman (1950) to 

discover N terminal amino acid residues. It is critical in the creation and quality 

assessment of proteins used in the manufacture of biomedicines. To discover the roles 

of rice leaf sheath proteins, Mass spectrometry and Edman sequencing approaches 

were used [27]. 

 

3. Quantitative Techniques: Stable Isotope Labeling with Amino Acids in Cell Culture 

(SILAC), Isotope-Coded Affinity Tag (ICAT), and isobaric Tag for Relative and 

Absolute Quantitation (iTRAQ) are techniques used in quantitative proteomics research. 

ICAT is used to precisely quantify and identify the sequence compositions of individual 

proteins in a mixture by employing labelled peptides, isotopic linker sequences, and 

reactive groups. To mark metabolites in whole proteomes in a cell system, SILAC is 

employed in quantitative proteomics studies. iTRAQ is a multiplex technology used for 

protein tagging and quantification. It tags proteins with isobaric chemicals (8-plex and 4-

plex) for relative and absolute quantification [28]. The method involves labeling protein 

groups at the N-terminus and side chains with amine, which is then separated by liquid 

chromatography and evaluated by MS. Finding gene control is critical to understanding 

the disorder's mechanism. 

 

4. Bioinformatics Analysis: Bioinformatics is required for proteomics research. With the 

introduction of high-throughput next -generation sequencing (NGS) technology, a large 

amount of sequence data has become publicly available. Bioinformatics advances have 

made it easier to examine this data with great sensitivity and precision in order to identify, 

quantify, and assess protein expression levels. The advancement of bioinformatics 

technology has aided drug design research. Molecular docking is an important step before 
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this drug designing [30]. It is carried out to find the best shape of ligand molecules at 

protein binding sites so that total energy is minimized. There are mainly two types of 

molecular docking, viz., rigid docking and flexible docking. Several bioinformatics tools 

and databases are developed to facilitate different types of proteomics analysis are given 

below in (Table 1). 

 

Table 1:- Software of Bioinformatics for Proteomics study 

 

S.No. Function Software 

1 Protein primary sequence database SwissProt, 

UniProt 

2 Protein primary structure database PDB 

3 Protein secondary structure database SCOP, CATH 

4 Similarity search BLASTP 

5 Pattern hit initiated BLAST PHI-BLAST 

6 Position specific iterated BLAST PSI-BLAST 

7 Protein domain server InterproScan 

8 Motif based alignment server MEME 

9 Homology modelling tool, BLAST search, T-

Coffee alignment, and MODELLER construction 
Biskit 

10 Homology modelling tool, Automated webserver ESyPred3D 

11 Homology modelling tool, Downloadable program FoldX 

12 Homology modelling tool, Standalone program 

mainly in Fortran and Python 
MODELLER 

13 Homology modelling tool, Standalone program 

mainly in Fortran and Perl 
CONFOLD 

14 
Homology modelling tool, Proprietary platform, 

supported on Windows, Linux and Mac 

MOE (Molecular 

Operating 

Environment) 

15 Homology modelling tool, Webserver ROBETTA 

16 Homology modelling tool, Protein tertiary 

structure predictions 

BHAGEERATH-

H 

17 Homology modelling tool, Automated webserver 

(based on ProModII) 
SWISS-MODEL 

18 Homology modelling tool, Graphical interface or 

text mode (clusters) 
Yasara 

19 Homology modelling tool, Automated webserver AWSEM-Suite 

20 Threading, On-line server for protein modeling I-TASSER 

21 Homology modelling tool, Threading, Automated 

webserver and some downloadable programs 
IntFOLD 

22 Homology modelling tool, Threading,  Webserver 

with job manager, automatically updated fold 

library, genome searching and other facilities 

Phyre and Phyre2 

23 Homology modelling tool, Threading,  Automated 

webserver and Downloadable program 
RaptorX 

24 Homology modelling tool, Threading,  Interactive 

webserver with help facility 
HHpred 

https://en.wikipedia.org/wiki/BLAST
https://en.wikipedia.org/wiki/T-Coffee
https://en.wikipedia.org/wiki/T-Coffee
https://en.wikipedia.org/wiki/MODELLER
https://en.wikipedia.org/wiki/Biskit
https://en.wikipedia.org/wiki/ESyPred3D
https://en.wikipedia.org/wiki/FoldX
https://en.wikipedia.org/wiki/Fortran
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/MODELLER
https://en.wikipedia.org/wiki/Fortran
https://en.wikipedia.org/wiki/Perl_(programming_language)
https://en.wikipedia.org/w/index.php?title=CONFOLD&action=edit&redlink=1
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/Rosetta@home#Robetta
https://en.wikipedia.org/wiki/Supercomputing_Facility_for_Bioinformatics_and_Computational_Biology
https://en.wikipedia.org/wiki/Supercomputing_Facility_for_Bioinformatics_and_Computational_Biology
https://en.wikipedia.org/wiki/SWISS-MODEL
https://en.wikipedia.org/wiki/Yasara
https://en.wikipedia.org/w/index.php?title=AWSEM-Suite&action=edit&redlink=1
https://en.wikipedia.org/wiki/I-TASSER
https://en.wikipedia.org/wiki/IntFOLD
https://en.wikipedia.org/wiki/Phyre_/_Phyre2
https://en.wikipedia.org/wiki/RaptorX
https://en.wikipedia.org/wiki/HHpred_/_HHsearch
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25 Threading 3D-PSSM 

26 Molecular docking tool, Open source Autodock, 

FlexAID, rDOCK 

SEED 

27 Molecular docking tool, Freeware DOCK, LeDOCK 

28 Molecular docking tool, Commercial Glide, Molecular 

Operating 

Environment 

(MOE) 

 

V. PROTEOMIC TECHNIQUES OFFER NEW TOOLS FOR PLANT 

BIOTECHNOLOGY 
 

Proteomics, a potent tool for deciphering the intricate molecular processes within 

plants, is increasingly being used by researchers in their hunt for sustainable and high-

yielding crop types. The capacity to discover essential regulatory proteins and interpret their 

involvement in various physiological processes is one of the fundamental benefits of studying 

plant proteomes. Researchers can identify and quantify proteins present in different tissues, 

organs, and developmental stages of plants using techniques such as mass spectrometry-based 

proteomics and protein separation methods [31].This allows them to detect variations in 

protein expression patterns under varied growth conditions or stress settings, providing 

important insights into plant adaptation strategies. Knowledge of important proteins that play 

critical functions in the normal growth and development of a plant is critical for propelling 

agricultural plant biotechnology innovation [32]. These proteins regulate physiological and 

biochemical pathways to maintain cellular homeostasis in a particular environment. 

Continuous identification of genes and proteins responsible for stress tolerance and disease 

resistance is required to boost agricultural output. 

 

Advances in MS-based proteomics platforms have been dubbed "New Genomics" 

since MS has become a key tool for investigating PTMs to proteins and protein interactions. 

Proteomics has a distinct benefit over other "Omics" techniques in that it may identify post-

translational modifications (PTMs), which is required to establish the functional impact of 

protein modification on agricultural plant productivity. Scientists can identify protein 

interaction partners and map out intricate signaling cascades using methods such as yeast 

two-hybrid tests and affinity purification coupled with mass spectrometry [33]. Plant 

proteomics is also important in understanding protein post-translational modifications 

(PTMs) such as phosphorylation, glycosylation, and acetylation. Protein activity, stability, 

and subcellular localization are all influenced by PTMs, which are important regulatory 

mechanisms. Researchers may identify and quantify PTMs using modern proteomic 

techniques, providing insights into the dynamic changes that occur in protein function under 

diverse situations [34]. Proteomic investigations, for example, have contributed in the 

identification of stress-responsive proteins linked to drought, salinity, heat, and disease 

resistance, suggesting prospective targets for genetic improvement and breeding programs 

(Kazan, 2015). Proteomics is opening up new methods for crop improvement studies via the 

signaling, regulatory, and metabolic networks underlying plant phenotypes. Similarly, 

proteomics has been useful in determining the molecular basis of nutritional features, which 

has led to the production of crops with increased nutritional content, such as biofortified 
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cultivars. Jacoby et al. presented a series of studies in which they attempted to map the 

proteomes of several plant tissues from rice and Arabidopsis. 2-DE was used to separate the 

proteins from the various tissues [36]. In keeping with this consensus, various plant 

proteomics studies focusing on specific subcellular proteomes or protein complexes such as 

the plasma membrane, roots, mitochondria, and chloroplasts have recently been reported. 

Furthermore, a few intriguing studies on the symbiotic relationship between legume roots and 

nitrogen-fixing bacteria have emerged.  

 

1. Proteome Analysis of a Biotic Stress Response in Crop Plants 

 

 Leaf Photosynthesis and Senescence Proteomics to Improve Crop Productivity: 

The primary source of plant biomass impacting prospective crop output is leaf 

photosynthesis.Urban, Milan Oldřich investigatedthe response of leaf proteome to 

long-term drought (28 days) was studied in cultivars (cvs): Californium (C), Cadeli 

(D), Navajo (N), and Viking (V). Analysis of twenty-four 2-D DIGE gels revealed 

134 spots quantitatively changed at least 2-fold; from these, 79 proteins were 

significantly identified by MALDI-TOF/TOF [37]. According to Roberts et al., 

chloroplast carries up to 75% of leaf nitrogen in the form of Rubisco enzyme 

constituents in the stroma and a complex of photosystem II in the thylakoid 

membrane. Advances in organelle proteomic studies combined with large-scale 

genomic approaches, as well as the identification of enzymes with proteolytic activity, 

have focused on the complexity of chloroplast proteolytic machinery around leaf 

senescence and investigated various categories of senescence-associated proteases 

with distinct physiological roles based on their expression profiles as senescence 

progresses [38]. Subcellular proteomic analyses of senescence, the process of 

photosynthesis and stress-responding processes in rice leaves have discovered 

glycolytic enzymes involved in sucrose production, which are of particular 

importance in terms of crop output [39]. 

 

 Proteomics of Root-to-Leaf Signaling Pathways During Stress in Xylem and 

Phloem: Increasing crop yields also requires the leaves to get an adequate amount of 

nutrients from the network of roots via the xylem vessels. Several kinds of xylem sap 

containing proteins that are involved in cell wall development and repair process [40], 

senescence of leaves [41], abiotic stress responses [42], abiotic stress defense 

mechanisms [43], and intercellular and intracellular communication [44]. Additional 

research on the protein and metabolism product composition of xylem sap and 

apoplast in plant provides further investigation of expression profiles and signals roles 

of corresponding proteomes, revealing more root contributions to pathogenic and 

symbiotic microbe interactions, as well as root-to-shoot communication [45]. Other 

proteomic studies focused mostly on the study of phloem sap exudates from 

agriculturally significant plants, such as oilseed rape [46], discovering hundreds of 

physiologically relevant proteins and ribo nucleoprotein complexes. The presence of 

proteins involved in redox control, defense and stress responses, calcium regulation, 

RNA metabolism, and G-protein signaling was increased in the phloem sap 

proteomes. Proteomics investigations gave some key insights into the working of the 

sieve tube system. 
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 Root Proteomics to Increase Legume Productivity of Symbiotic Systems: The 

symbiotic relationship between N-fixing bacteria and legumes results in the creation 

of root nodules, which is extremely significant in agriculture. A number of proteomic 

studies have sought to study the mutual interactions of symbiotic or pathogenic 

bacteria and host plant roots in the rhizosphere under a variety of biotic and abiotic 

soil conditions [47]. Proteomic analysis indicated diverse plant and bacteroid 

responses to drought stress. Two different groups reported protein expression 

investigations in nitrogen fixing root nodules of soybean and white sweet clover, 

respectively [48]. 2DE was also utilized to detect differentially expressed proteins 

during the bacterium Sinorhizobiummeliloti strain 1021's symbiotic association with 

white sweet clover. When compared to the root, over 250 proteins were activated or 

up-regulated in the nodule, while over 350 proteins were down-regulated in the 

bacteroid form of the rhizobia. Bacteroid cells demonstrated a decrease in the 

expression of numerous proteins involved in nitrogen acquisition, indicating that the 

bacteroid was nitrogen proficient. Both results demonstrate the power of proteomics 

in plant symbiotic interactions [49]. 

 

2. Recognizing Proteome Signatures For Crop Stress Tolerance: Drought, heat, salinity, 

and infections are major environmental factors that threaten agricultural productivity and 

food security. Understanding the molecular pathways that underpin crop stress tolerance 

is critical for designing resilient cultivars. Stressful situations frequently result in delayed 

seed germination, reduced plant growth, and lower crop output. Komatsu and Hossain 

emphasized the importance of organ-specific proteome analysis for identifying proteins 

that often accumulate in organs under a variety of biotic stressors [32]. 

 

Jacoby et al. described how they used the newly developed proteomic 

technological advances of multiplexed selective-reaction monitoring MS to improve these 

approaches and provide a clear method to rank the relative significance of the growing 

cohort of stress-responsive proteins [36]. In addition to crops, proteomic approaches have 

been used to analyze various plants that serve as model systems in plant science as well as 

some agriculturally significant fruits under biotic and abiotic challenges [50]. Takahashi 

et al. investigated how plants respond to freezing stress, which causes serious problems in 

agricultural management, and discovered that the plasma membrane plays important roles 

in signal perception and cellular homeostasis, suggesting that plasma membrane proteins 

are the most significant variables in determining plant environmental stress tolerance 

[51]. Salt stress reduces agricultural output and growth significantly; yet, several crop 

varieties exhibit great resilience to the harmful effects of salt. Many salt-responsive 

proteins have been found in key crops, and they are expected to boost resistance to salt 

stress [52]. Hossain and Komatsu discussed current proteomic contributions to the 

knowledge of heavy metal stress responses in plants, notably the application of redox 

proteomic techniques for researching heavy metal-induced protein oxidation [32].  

 

 Differential Protein Expression: Proteomic studies allow for the identification of 

proteins that are differentially expressed in response to stress. A proteomic 

investigation on drought-stressed rice, for example, discovered that numerous proteins 

involved in stress signaling, osmotic control, and reactive oxygen species scavenging 
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were elevated, underlining their role in drought tolerance [53]. These differentially 

expressed proteins act as proteomic fingerprints of crop stress resistance. 

 

 Stress-Specific Protein Markers: Proteomic analysis enable the identification of 

stress-specific protein markers that can be used to measure crop stress tolerance. 

Researchers can find proteins consistently related with stress tolerance by comparing 

the proteomes of various crop varieties with varying stress tolerance. A study on salt-

tolerant and salt-sensitive wheat types, for example, found particular proteins 

associated to ion transport, energy metabolism, and antioxidant defense as potential 

salt tolerance markers. These protein markers can be used to screen for and breed 

stress-tolerant crop varieties [4]. 

 

 Post-Translational Modifications: Proteomic studies allow for the identification of 

stress-induced PTMs in crop proteins. A study on drought-stressed maize, for 

example, discovered phosphorylation events in proteins involved in photosynthesis, 

hormone signaling, and stress response pathways, shedding light on drought 

adaptation processes [54]. 

 

 Protein-Protein Interactions: Proteomic techniques help identify stress-responsive 

interactions between proteins (PPIs) in crops. Identifying regulatory mechanisms and 

pathways of signaling involved in stress adaptation can be revealed by mapping PPI 

networks linked with stress tolerance. A study on salt-stressed soybean, for example, 

discovered distinct PPIs among proteins involved in ion homeostasis, reactive oxygen 

species detoxification, and hormone signaling, shedding light on the molecular basis 

of salt tolerance[11]. Understanding stress-responsive PPIs can help guide crop 

breeding for stress tolerance. 

 

 Multi-Omics Integration:Integrating proteomic data with other omics methods, 

including as genomes, transcriptomics, and metabolomics, allows for a more 

comprehensive knowledge of crop stress tolerance. A work combining 

transcriptomics and proteomics in drought-stressed maize, for example, identified 

novel regulatory pathways involved in drought adaptation [40]. 

 

3. Post-Translational Modification: Proteomics offers the great advantage of being able to 

detect changes in PTMs as well as changes in expression levels. Protein PTM analysis, 

such as phosphorlylation and glycosylation, is critical for understanding issues like as 

activity, stability, and turnover. 2-DE and MS are particularly beneficial for the 

examination of expressed proteins with PTM, such as alkylation, glycosylation, and 

phosphorlylation, which are thought to be the most significant regulatory proteins in a 

biological cell. Protein ubiquitination is an important regulatory process that regulates 

protein quantity, location, and activity. Several large-scale plant protein ubiquitination 

studies have been published [54]. In Arabidopsis, for example, affinity purification with 

an anti-ubiquity antibody and subsequent MS/MS analysis were used to identify 

ubiquitinated proteins.  

 

4. Analyses of Food Quality, Safety and Nutritional Values: The field of proteomics has 

been utilized to investigate differences in the nutritional qualities of food crops by 
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analyzing their proteomes. Heat stress, according to Mitsui et al., boosted the production 

of invertases in tomato fruits, increasing their sucrose content and creating sweeter 

tomatoes [54]. Proteomics studied why heat treatment for peach fruits improves peach 

fruit quality and shelf-life, and the cause was differentially expressed proteins involved in 

fruit growth and ripening [39]. Using an allergic patient's serum, a combination of 2-DE 

and IgE reactive proteins was used to evaluate the allergenicity of dietary proteins [50]. 

proteome examination of rice leaf, root, and seed revealed the presence of several 

allergenic proteins in the seeds, implying the utility of proteome analysis of foods for 

allergen detection [55]. 

 

 Nutrient-Related Protein Identification: Proteomic techniques allow for the 

identification and characterization of proteins. By comparing the proteomes of 

different crop types, researchers can find proteins linked with better nutritional 

properties. In wheat, for example, researchers have discovered proteins involved in 

the production of important amino acids and minerals, providing insights into 

nutritional quality improvement. Similarly, proteomic investigations in maize have 

discovered proteins involved in vitamin and antioxidant production [56]. The 

discovery of these nutrient-related proteins lays the groundwork for targeted breeding 

and genetic engineering approaches to improve nutritional value. Proteomics offers 

the great advantage of being able to detect changes in PTMs as well as changes in 

expression levels. 

 

 Nutrient Metabolism, Uptake and Transport : Enzymes play an important role in 

crop nutrient metabolism. Proteomic studies have identified enzymes involved in 

food metabolism and accumulation. Proteomic investigations on tomato fruits 

revealed enzymes involved in carotenoid production, which is essential for vitamin 

A accumulation [56]. Researchers can improve crop nutritional quality by targeting 

these enzymes. Researchers have identified proteins linked with nutrient absorption 

and transporters in rice by studying the proteome of roots or conducting subcellular 

proteomics [45].  

 Nutrient Reserves and Storage Proteins: Storage proteins act as a reservoir for 

vital nutrients in crops. Proteomic studies have revealed storage proteins linked to 

nutritional reserves. Proteomic investigations in legumes such as soybean and 

chickpea have discovered storage proteins rich in essential amino acids [57, 58].  

 Analyzing Metabolic Pathways: Researchers can identify important proteins and 

enzymes that regulate metabolic pathways using the proteome under varied dietary 

conditions or through genetic alterations. Understanding these pathways makes it 

easier to optimize nutrient metabolism in crops. Through proteomics, some areas of 

research have shed information on metabolic pathways. 

 Post-Translational Modifications: Proteomic analyses allow for the identification 

of PTMs associated with nutrient-related proteins. PTMs impacting nutrient-related 

proteins in crops, for example, have been found as phosphorylation, glycosylation, 

and acetylation. Understanding the function of PTMs can help us understand 

nutrition control and metabolism [3]. 

 

 Photosynthesis-related proteins for nutrient assimilation: Photosynthesis-related 

proteins have been linked to nutritional enhancement in studies. Carbon fixation and 
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chlorophyll synthesis proteins were shown to be linked with grain zinc and iron levels 

in wheat [59]. Understanding how these proteins are regulated can lead to techniques 

for increasing nutritional content in crops. Scientists discovered genotype-specific 

changes in protein profiles in rice that are connected with amino acid composition and 

nutritional quality.  

 

 Impact of Genetic and Environmental Factors: Genetic and environmental factors 

have a well-known impact on nutritional quality. Researchers can uncover proteins 

that alter nutrient accumulation and composition by comparing the proteomes of 

various genotypes or under different environmental conditions. Proteomic studies on 

rice have revealed genotype-specific changes in protein profiles linked to amino acid 

content and nutritional quality as a result of environmental variables [60]. 

 

 Genetic Diversity: Proteomic investigations of nutrient-related proteins in different 

crop varieties have revealed genetic diversity. Genetic differences in proteins linked 

with amino acid metabolism and grain nutritional quality in maize have been 

uncovered by researchers [60]. These genetic variances can help direct breeding 

operations to improve crop nutritional content.  

 Environmental Stress: Drought, heat, and nutrient deficit can all have an impact 

on crop nutritional quality. Wheat proteomic investigations indicated alterations in 

gluten proteins during heat stress, influencing the nutritional quality of wheat 

grains[61]. This can aid in reducing the harmful impacts of environmental stress on 

nutritional content. 

 

5. Role of Proteomics in Personalized Nutrition: Because of individual differences in 

dietary requirements and responses, proteomic investigations have the potential to 

contribute to customized nutrition techniques. Researchers can gain a full understanding 

of the relationship between genetics, nutrition, and health outcomes by merging 

proteomic data with other omics technologies such as genomics and metabolomics. 

Proteomic profiles can be used to measure nutritional status and metabolic health.  

 

Proteomic investigations, for example, have revealed protein biomarkers linked to 

dietary treatments and illness risk [62]. Integrating proteomics with personalized nutrition 

techniques has the potential to improve dietary recommendations and individual health 

outcomes. By combining proteomic and genomic data, it is possible to identify candidate 

genes associated with nutrient-related proteins. Researchers can link genetic variants to 

protein expression and function by comparing proteomic and genomic data. This 

combination makes marker-assisted selection strategies for breeding nutrient-rich crops 

more feasible [63]. Integrating proteomic and transcriptome data provides insights into 

the transcriptional regulation of nutrient-related proteins. Researchers can uncover critical 

transcription factors and regulatory processes involved in food metabolism by connecting 

changes in protein abundance with transcript levels. This integration provides a more 

comprehensive understanding of the molecular mechanisms governing nutrient increase. 

 

6. Harnessing Proteomic Data for Yield Enhancement in Crops: Crop yield increase is 

critical to meeting the world's growing food demand. Researchers can improve crop 

output by combining proteomic data to find essential regulatory proteins, reveal signaling 
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pathways, and discover biomarkers associated with yield-related features. This chapter 

looks at how to use proteomic data to improve yield, such as identifying yield-associated 

proteins, understanding yield-limiting variables, and integrating proteomics with other 

omics technologies. 

 

 Identification of Yield-Associated Proteins: Proteomic analysis allow for the 

identification of proteins linked with high-yielding characteristics in crops. 

Researchers can identify proteins that play a critical role in yield enhancement by 

comparing the proteomes of high-yielding and low-yielding cultivars or under 

different yield situations. Different proteomic techniques, such as two-dimensional 

gel electrophoresis (2-DE) and mass spectrometry (MS), make it easier to identify and 

quantify differentially expressed proteins. 

 Photosynthesis-Related Proteins for yield: Photosynthesis-related proteins have 

been linked to high yields in studies. Mauryaet al. discovered that numerous proteins 

involved in photosynthetic electron transport and carbon fixation were positively 

linked with grain production in rice. These proteins could be used as targets for yield-

boosting techniques [64]. 

 Protein Synthesis and Metabolism: Proteins involved in protein synthesis and 

metabolism have been connected directly to crop yield enhancement. Ribosomal 

proteins and enzymes involved in protein synthesis and metabolic pathways have 

been identified as possible yield-associated proteins in wheat and maize studies [65]. 

 Integration of Proteomics with Other Omics Technologies:Integrating proteomics 

with other omics technologies such as genomes, transcriptomics, and metabolomics 

allows for a more complete understanding of crop yield enhancement. Researchers 

can decipher complex biological networks and find essential regulators by merging 

multi-omics datasets. Integrative techniques offer a systems-level view of yield 

enhancement processes and allow for the identification of possible crop improvement 

targets. This integration of proteomics and genomics allows for the identification of 

genetic variables that influence crop productivity as well as the use of marker-assisted 

selection in breeding programs [66]. Researchers can link genetic variants to protein 

expression and function by comparing proteomic and genomic data. Researchers can 

identify critical transcription factors and regulatory pathways involved in yield 

enhancement by correlating changes in protein abundance with transcript levels [67]. 

Integrating proteome and metabolomic data enables a thorough understanding of 

metabolic pathways and their link to yield attributes. Key enzymes and metabolic 

intermediates connected with yield-related processes can be identified by researchers. 

 

7. Exploring Potential For Disease Resistance In Crops: By studying the whole set of 

proteins expressed in plants, researchers can uncover critical proteins and processes 

involved in plant defense responses, allowing the development of new disease-resistant 

crop varieties.One technique in disease resistance proteomics research is to compare the 

proteomes of resistant and susceptible crop varieties or lines after pathogen infection. 

This allows for the identification of proteins that differ in expression or undergo post-

translational modifications (PTMs) in response to the pathogen. 68. Santamaría-

Hernando Set al. investigated the response of tomato plants to infection by the bacterial 

disease Pseudomonas syringae using proteomics analysis. Pathogenesis-related proteins, 
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antioxidant enzymes, and proteins involved in signal transduction pathways were 

identified by the researchers as proteins connected with defense responses [68]. 

 

Protein-protein interaction (PPI) analysis, in addition to differential protein 

expression analysis, has been used in proteomics research for disease resistance. Mapping 

protein interactions in defensive signaling can uncover regulatory networks and critical 

players in plant immunity. Zhenget al., for example, used PPI analysis to investigate the 

immunological response of rice plants to the blast fungus Magnaportheoryzae[69]. The 

researchers discovered links between proteins important in defense signaling pathways, 

shedding light on the mechanisms behind rice resistance to the virus. 

 

Furthermore, proteomics techniques have been useful in researching post-

translational modifications (PTMs) linked to plant disease resistance. PTMs such as 

phosphorylation, ubiquitination, and glycosylation can influence plant immunological 

responses by modulating protein activity and stability. Chivasaet al. (2009), for example, 

studied the phosphorylation processes that occur in Arabidopsis plants when infected with 

the oomycete disease Hyaloperonosporaarabidopsidis[70]. The researchers discovered 

phosphorylated proteins during infection, including defense-related proteins and proteins 

implicated in signal transduction cascades. 

 

Proteomics research has also helped to identify candidate proteins and indicators 

related with disease resistance in crops. Researchers can identify proteins that confer 

resistance and use them as breeding or genetic engineering targets by studying the 

proteome of resistant varieties or wild relatives of crops. Castillejo et al., for example, 

studied the proteome of Medicagotruncatula, a legume plant with natural resistance to the 

parasitic weed Orobanchecrenata[71]. The researchers discovered proteins involved in 

defense responses and parasite detection that could be used to generate crop varieties 

resistant to parasitic weeds. Researchers can uncover critical proteins and processes 

involved in plant defensive responses by examining the proteome, protein interactions, 

and post-translational modifications. This knowledge can be used to create superior crop 

types with increased disease resistance, hence promoting sustainable and resilient 

agriculture. 

 

VI. APPLICATION OF ARTIFICIAL INTELLIGENCE IN PROTEOMICS 

 

While significant advancement has been achieved in proteomics, the analysis of 

proteomics remains time and cost-intensive. With the passage of time, the use of digital tools 

such as Artificial Intelligence (AI) expands and opens up significant prospects in proteomics 

to address the issues confronting scientific researchers. Machine learning (ML) is quickly 

becoming a very popular tool in the field of proteomics due to the increasing availability of 

publicly available proteomics data. Machine learning (ML) improvements, particularly deep 

learning (DL), are catalyzing a paradigm shift in science study. State-of-the-art machine 

learning architectures like as Convolutional Neural Networks (CNNs) and Recurrent Neural 

Networks (RNNs) have been used to analyse huge and complex proteomic data. The 

fundamental difference between DL and traditional machine learning techniques such as 

Support Vector Machine (SVM) and Random Forests (RF) is that DL can learn features and 

patterns from data automatically. As a result, DL is particularly well suited to scientific 

domains with large and complex datasets. Recent advances in proteomics have sparked 
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interest in DL approaches with applications in MS/MS spectrum prediction, PTMs de novo 

peptide sequencing, protein structure, and structure and function prediction. 

 

Several DL models have been employed and developed for reliable peptide and 

protein identification from MS data, with the goal of significantly lowering instrument time 

and costs (Table 2). DL applications in MS-based proteomics include i) improving peptide 

recognition sensitivity in database scanning, ii) serving as a peptide identification quality 

appraisal metric, iii) developing spectrum libraries for Data Independent Acquisition (DIA) 

data analysis, and iv) encouraging targeted proteomics experiments [72].  

 

Table 2: DL models and its description 

 

S.No. Tools Description References 

1.  MSpectraAI (Mass 

Spectra Artificial 

Intelligence) 

Uses deep neural networks (DNNs) to 

analyze MS data 

[73] 

2.  DeepIso Combines CNN and RNN categorizes 

peptide characteristics using the LCMS/ 

MS plot 

[74] 

3.  MusiteDeep Visualizes protein PTM sites based on 

protein sequences 

[75] 

4.  DeepUbi DL frameworks that predict 

ubiquitination sites 

[76] 

5.  DeepSuccinylSite DL frameworks that predict 

succinylation sites 

[77] 

6.  DeepACLSTM DL models for secondary structure 

prediction, protein function perfection, 

protein categorization, and protein 

subcellular localization 

[78] 

7.  SDN2GO [79] 

8.  UDSMProt [80] 

9.  PSLCNN [81] 

10.  AlphaFold Widely employed in conjunction with 

higher resolution physical modeling. 

 

[82] 

11.  C-I-TASSER [83] 

 

VII. CLOUD COMPUTING AND BIG DATA ANALYTICS IN PROTEOMICS 

 

The employment of next generation sequencing and MS technology to research 

experimental models and crop plants is undoubtedly attributable to the exponential 

development in the quantity of plant data sets over the last decade. Due to the exorbitant cost 

of software and high-end servers as well as the lengthy processing times needed for research 

studies, such development has also created unbelievable difficulties for individual 

laboratories to store, maintain, and interpret data. There are new challenges in dealing with 

massive amounts of proteomics data and information. Calculating big data sets takes an 

impractically long time [84].MassIVE (member of the Proteome Xchange collaboration) , 

ProteoSAFe, Galaxy-P, and Chorus [85]Exchange Consortium), ProteoSAFe, Galaxy-P, and 

Chorus [85] are some of the most recent significant proteomic systems to enable data 

repository, data processing, and are available at Anaconda Cloud for providing a flexible and 

scalable service for groups and organizations of all sizes. 
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Cloud hosting allows users to rent these resources from a cloud service provider 

rather than owning and housing computing, data storage, and other facilities locally, and 

merely pay for the time spent. A number of cloud service companies today offer a wide range 

of offerings, with Amazon Web Services (AWS) being the main service that has been used 

for a wide range of programming activities in bioinformatics. Cloud computing substantially 

speeds up data analysis and allows researchers to do more complicated analyses. MS-

PyCloud is an open source, cloud computing-based pipeline for protein inference, protein 

PTM evaluation, and MS/MS database scan for spectrum assignment for LC- MS/ MS 

dataprocessing [86]. 

 

QCloud is a cloud-based quality control solution for MS-based proteomics 

frameworks [87]. The technology eliminates the barriers that often impede the adoption of 

quality control equipment and provides proteomics laboratories with a system that is ready to 

use.Firmiana is a proteomic cloud platform that allows researchers to upload raw data from 

mass spectrometry (MS) files, execute online proteome recognition and quantification, run 

bioinformatics tests, extract data, and present findings without programming skills [88]. 

Using the Institute of Systems Biology's first trans-proteomic pipeline (TPP) on the Amazon 

cloud service two years ago, over 1100 raw data were analyzed in 9 hours.   

 

ProteoCloud (http://proteocloud.googlecode.com), a free and open pipeline of 

applications that allows end-users to easily identify very large MS/MS spectra sets using five 

distinct methods via cloud computing technologies [89]. 

 

VIII. CHALLENGES AND FUTURE PERSPECTIVES 

 

Proteomics has evolved as a potent crop enhancement technique, giving important 

insights into the molecular mechanisms driving plant characteristics and responses. However, 

various hurdles must be overcome before the full potential of proteomics in crop 

enhancement may be realized. Furthermore, there are interesting future prospects that can 

improve the application of proteomics in this industry. The complexity of the plant proteome 

is one of the main obstacles in proteomics-based crop development. Plants have a huge and 

diversified proteome, with proteins ranging in abundance and dynamic range. Because of this 

intricacy, complete proteome analysis is difficult because extremely abundant proteins might 

overwhelm low-abundance regulatory proteins. Furthermore, the presence of proteins with 

high hydrophobicity or extreme molecular weights can make detection and analysis difficult. 

Overcoming these technical obstacles and establishing better proteomics procedures will be 

critical for gaining a more complete understanding of the plant proteome. Another challenge 

is determining the function of discovered proteins. While proteomics can uncover proteins 

that are differently expressed or changed in relation to specific attributes, identifying their 

functional roles and how they contribute to phenotypic alterations necessitates more research 

and validation. To establish the causal association between identified proteins and desired 

features, functional investigations such as gene deletion or overexpression are required. 

Integrating proteomics data with other omics methods, like as genomics, transcriptomics, and 

metabolomics, can also help with functional protein identification and provide a more 

comprehensive understanding of plant biology. 

 

Furthermore, high-quality reference proteome datasets for many crop species are 

critical for proteomics research. For reliable protein identification and annotation, extensive 
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and well-curated databases containing protein sequences, post-translational modifications, 

and protein-protein interaction information are required. Continuing efforts to establish and 

upgrade reference proteome databases will allow for more precise and comprehensive 

proteomics research in crop improvement. Despite these obstacles, proteomics has strong 

future prospects in crop improvement. The advancement of high-throughput and sensitive 

proteomics technology is one such viewpoint. Technological advances in mass spectrometry 

instrumentation, sample preparation methods, and data analysis algorithms are increasing the 

depth and accuracy of proteomics analysis.  

 

This will allow for more thorough and quantitative characterization of the plant 

proteome, making it easier to identify critical proteins and pathways linked to crucial 

agronomic features. Another future possibility is to combine proteomics with other omics 

methods and phenotypic data. Integrating proteomics data with genomes, transcriptomics, 

metabolomics, and phenotypic data can lead to a more comprehensive understanding of plant 

biology and trait regulation. This integration can assist identify candidate genes and proteins 

for crop improvement, as well as untangle complicated regulatory networks that govern 

essential features. Furthermore, the introduction of focused proteomics methods, such as 

selected reaction monitoring (SRM) and parallel reaction monitoring (PRM), holds promise 

for more precise and quantitative protein analysis.  

 

Targeted proteomics enables the targeted quantification of proteins of interest in 

large-scale investigations, allowing for the monitoring of protein expression and changes. 

While proteomics holds enormous promise for crop development, there are several obstacles 

to overcome, such as the complexity of the plant proteome and the functional characterization 

of discovered proteins. However, with the advancement of proteomics technologies, 

integration with other omics approaches, and the creation of comprehensive reference 

proteome databases, proteomics will continue to play an important role in unraveling the 

molecular mechanisms underlying crop traits and enabling targeted crop improvement. 

 

IX. CONCLUSION 

 

Proteomics has emerged as a strong crop improvement technique, revealing important 

insights into the molecular mechanisms underpinning plant characteristics, stress responses, 

and disease resistance. Researchers can uncover critical proteins and pathways linked with 

significant agronomic features, stress tolerance, and defense systems by performing a 

complete investigation of the plant proteome. This understanding opens up new opportunities 

for focused agricultural improvement, enabling for the production of crops with increased 

yield, resilience, and resource efficiency. While challenges in proteomics-based crop 

improvement exist, such as the complexity of the plant proteome and the functional 

characterization of identified proteins, advances in proteomics technologies, integration with 

other omics approaches, and the development of comprehensive reference proteome 

databases offer promising solutions. These advances enable more extensive and quantitative 

characterization of the plant proteome, facilitate the discovery of candidate proteins and 

regulatory networks, and contribute to a systems-level knowledge of plant biology. 

 

Plant proteomics studies have improved significantly in recent years due to major 

advancements in proteomics methodologies and bioinformatics tools. This paradigm shift has 

improved our ability to recognize plant-pathogen interactions, PTM, disease resistance, and 
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stress responses. Deep learning methods have enormous promise in delivering major insights 

into regulatory systems such as response to abiotic stressors, given ongoing developments in 

plant proteomics and the availability of high quality proteomics data. Crop proteomics has 

advanced rapidly thanks to novel biotechnology approaches and high throughput omics 

technologies, which will aid in enhancing crop quality and meeting food production targets 

by 2050. 

 

The future of proteomics in crop development is bright. Technological advancements 

in high-throughput and sensitive proteomics, integration with other omics techniques and 

phenotypic data, and the emergence of focused proteomics approaches enable more precise 

and quantitative protein analysis. These advances will make it easier to identify essential 

proteins and pathways linked to desired features, laying the groundwork for the generation of 

superior crop types through breeding or genetic engineering. Crop improvement driven by 

proteomics has the potential to greatly contribute to sustainable agriculture by increasing crop 

output, stress tolerance, and disease resistance. 

 

Targeted proteomics enables the targeted quantification of proteins of interest in 

large-scale investigations, allowing for the monitoring of protein expression and changes. 

While proteomics holds enormous promise for crop development, there are several obstacles 

to overcome, such as the complexity of the plant proteome and the functional characterization 

of discovered proteins. However, with the advancement of proteomics technologies, 

integration with other omics approaches, and the creation of comprehensive reference 

proteome databases, proteomics will continue to play an important role in unraveling the 

molecular mechanisms underlying crop traits and enabling targeted crop improvement. 
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