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ABSTRACT

Proteins are essential for genetic products and their study contributes to obtaining regulatory information.
Multiomics techniques are used to improve agronomic characteristics and increase agricultural tolerance, the
use of these techniques can serve as a basis to improve the genetic heritage of crops, increasing their yields
and tolerance to environmental factors. Proteomic analysis makes it possible to understand all the functions,
structures, and interactions of proteins present in a biological system. Through a systematic review, a search
was carried out, finding 15 articles related to the proteomic technique and its application in agriculture. In
proteomic analysis, one of the main advantages is the ability to study protein expression on a large scale in
diverse complex biological systems and at different times and conditions. Proteomic technology has been
widely used in identifying proteome changes in signaling pathways in response to stress, detecting biotic and
abiotic stress markers, which can be applied in the development of genetically modified crops. These
advances in plant proteomics have the potential to revolutionize agriculture by providing sustainable and
adaptable solutions to address future food production challenges.
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INTRODUCTION

Proteins are essential for genetic products and their study contributes to obtaining regulatory
information (Weckwerth, 2011). Through advancements, proteomics has emerged as a popular tool
for further approaches in omics and systems biology (Weckwerth et al., 2014). The term proteomics
was established in 1996 by the fusion of the words "protein" and "genomics", it can be described as
"the efficient and/or standardized analysis of all proteins present in tissues, cells or in the subcellular
compartment" (Chaturvedi et al., 2016). Proteomics is a non-targeted technology, aiming to analyze
the complete proteome of the target organism, although it may also involve the targeted identification
and quantification of specific proteins/peptides. The proteomic profile reveals the level of protein
abundance in different types of cells and tissues in any state, as well as between samples of various
combinations (Silva-Sanchez et al., 2015; Fila et al., 2016).

One of the current obstacles related to agricultural production is associated with the need for
food and the adaptation of crops for high yield and resistance, whether to pests or atmospheric
elements, in order to meet global demand (Hagq et al., 2023). According to data from the United
Nations, it is necessary to increase agricultural production by 75% by 2050 to ensure the food supply
of the entire world population (Bates et al., 2008). In addition to large-scale production, the quality
of food and its ability to meet nutritional demands are also of great importance. The study of genetic
diversity to discover and create new crop variations, along with understanding the genetics of simple
and complex traits and efficiently introducing these variations into new cultivars, are means to
achieve these goals (Haq et al., 2023; Brozynska et al., 2016). Multiomics techniques are used to
improve agronomic characteristics and increase agricultural tolerance, the use of these techniques
can serve as a basis for improving the genetic heritage of crops, increasing their yields and tolerance
to environmental factors (Haq et al., 2023)

Proteomic analysis makes it possible to understand all the functions, structures, and
interactions of proteins present in a biological system. Since defective proteins are the main causes of
diseases, they can serve as useful indicators in the development of specific diagnoses and treatments
for certain diseases, whether in animal or plant cells (Anjolette, 2015). Proteomics not only provides
comprehensive information about proteins, but also makes it possible to obtain quantitative profiles,
evaluate post-translational modifications, investigate signaling pathways, and study interactions
between proteins (Kaushik et al., 2024). In recent decades, proteomic technologies have been widely
employed to assimilate plant responses to various external and internal signals, contributing
significantly to an understanding of plant behavior in the face of changes in environmental
conditions (Kaushik et al., 2024; Weckwerth et al., 2014).

Plants are constantly exposed to unfavorable conditions, such as biotic and abiotic stresses,

which include variations in the availability of water, light, nutrients, and extreme temperatures
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(Bokszczanin et al., 2013). These environmental modifications play an important role in plant
performance, especially during the reproductive cycle, and can reduce crop yields (Tanou et al.,
2012). To cope with these environmental constraints, most plants develop defense mechanisms that
involve alterations in gene expression, resulting in changes in protein translation and metabolic
reprogramming. These mechanisms are essential for metabolic adaptation and plant survival under
stress conditions (Tanou et al., 2012; Chaturvedi et al., 2016). Thus, in order to promote greater crop
sustainability, it is essential to understand the genetic and molecular conditions of the stress response
mechanisms, as well as the physiological parameters (Chaturvedi et al., 2016).

Thus, the objective of this study was to carry out a systematic literature review to better
understand the use of proteomic technology in genetic improvement, its application and benefits

related to agriculture, especially in relation to biotic and abiotic factors.

METHODOLOGY

Through a systematic review, 15 articles were found in a search for studies related to
proteomic biotechnology and its applications. The databases used were Medline/PubMed and
Scopus. The articles that were admitted were in Portuguese and English. The keywords used in the

nn nn

research were: "Proteomics", "Genetic improvement", "Omics", "sustainable agriculture", "molecular

nmn nn

, "mass spectrometry",

nn

biology", "genome alteration genetic improvement".

The inclusion criteria used for the selection of articles were: (I) articles that report the global
scenario in relation to sustainable agriculture; (II) articles with studies on genetic improvement
techniques; (III) articles published in national and international journals; (IV) articles with the use of
proteomic technology; (V) original articles, with a time frame from January 2004 to January 2024.
The following were excluded from the study: (I) articles related only to the problem of agriculture;
(IT) articles related to other genetic improvement techniques unrelated to omics/proteomics
technology; (III) editorial articles and case studies.

An 1nitial search was carried out based on the title of the articles, and the selected studies

were evaluated according to the criteria described. The information extracted is based on the

characteristics of the study, title, publication and relevant considerations.

RESULT AND DISCUSSION
OMICS SCIENCES

Due to their sessile characteristic, plants develop strategies for adaptation and growth in
response to changing environmental circumstances (Raza et al., 2019). At the molecular level, these
tactics include changes in gene expression, from transcriptional regulation, through mRNA

processing, followed by translation, protein modification, and protein renewal (Rejeb et al., 2014;
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Hagq et al., 2023). When exposed to controversial environmental conditions, the plant modifies its
transcriptome, transcriptionally regulated genes play roles in diverse functions such as signaling,
translation, transcription, metabolism, and stress response molecules (Rejeb et al., 2014). New
biochemical and bioanalytical tools, such as genome sequencing, transcriptomics, proteomics, and
metabolomics, are enabling more detailed analyses of these processes (Astarita & Ollero, 2015).
Omics technology (figure 1) refers to the study of these processes in the genome, transcriptome,

proteome, and metabolome contexts (Haq et al., 2023).

Figure 1. Omics technologies.
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Overview of the fields of "omics" analyses. Genomics provides information on the complete set of genes in a complex
biological system, while transcriptomics provides a complete description of the messenger RNAs in the genome.
Proteomics provides information on the proteins expressed by the genome. (Anjolette, 2015)

Molecular markers are studied in genomics with the aim of discovering new patterns of
variation and determining their functions in significant ecological traits (Bevan & Waugh, 2007). In
crops, breeding is linked to genomic approaches to achieve advances in molecular breeding and to
track elite germplasms with multi-trait assembly (Raza et al., 2019; Kole et al., 2015). Omics
approaches aid in the development of crops with better yield and yield under different biotic and
abiotic factors. Molecular plant breeding is an essential approach to increase crop yield and

production in the presence of various factors (Raza et al., 2019).

PROTEOMICS
In recent years, studies addressing transcriptome and metabolome techniques have been
conducted to identify transcriptional regulators and metabolites, providing fundamental insight into

how different networks are affected and interact during the priming process (Luo et al., 2009).

\
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However, there are limitations in estimating gene expression levels, mRNA degradation or inefficient
translation, as well as in post-translational protein modifications (PTMs), protein processing and
renewal, so proteomics certifies as an essential tool to bridge the gap between the transcriptome and
the metabolome (Tanou et al., 2012).

The transcriptome and proteome are more complex than the genome, as distinct responses can
be attributed to the same gene, and multiple proteins can be translated from the same mRNA, while
the genome is a static source of information, the transcriptome and proteome are dynamic, and can
vary under different conditions due to RNA processing, regulation of transcription, protein synthesis
and protein modifications (Bernot, 2004). Alternative splicing, alternative promoters, or the use of
polyadenylation sites can generate multiple transcripts. In addition, modifications such as
glycosylation and phosphorylation can occur during or after translation, resulting in a wide variety of
protein variants (Twyman, 2004; Anjolette, 2015)

Proteomic studies offer the opportunity to investigate subcellular proteomes and protein
complexes, including proteins in plasma membranes, chloroplasts, mitochondria and nuclei, and,
most significantly, priming-associated PTMs (Angel et al., 2012). After two-dimensional protein
extract separation, the most recent advances in mass spectrometry-based proteomics (MS), such as
ion mobility separations, microchip-based proteome measurements, nanoscale reversed-phase liquid
chromatography, and capillary electrophoresis, have been applied as fundamental in the protein
separation process (Tanou et al., 2012; Angel et al., 2012).

The variety of instruments available for proteomic analysis makes this choice complex and
challenging. Currently, mass spectrometry is the main analytical method used in proteomic studies
for the identification and characterization of protein compounds (Thompson; Schaeffer-Reiss;
Ueffing, 2008). In proteomic analysis, one of the main advantages is the ability to study protein
expression on a large scale in several complex biological systems and at different times and
conditions (Barbosa et al., 2012).

The three main steps of proteomic methodologies are identification/quantification, extraction,
and separation (with or without gel). Gel-free methodologies include techniques such as LC-MS, and
label-based techniques such as ICAT and iTRAQ (Hagq et al., 2023). Due to the complexity of the
plant proteome, a single method cannot accurately assess it, so several techniques are used to
improve the understanding, resolution, and comprehensiveness of the plant proteome (Altelaar et al.,
2013). The choice of proteome study methodology depends on several factors, such as the
availability of resources, the type of facilities and the desired applications, whether it is a global or
targeted profile and the compound of interest (Anjolette, 2015). Gelless proteomics is becoming
more prevalent, compared to gel-based proteomics, it has higher reproducibility and less bias (Haq et

al., 2023).
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GEL-FREE PROTEOMIC METHODOLOGY

Among the quantitative techniques, tag-based labeling (ICAT, iTRAQ), metabolic labeling
(SILAC), and free labeling (MudPIT) stand out (Haq et al., 2023). Isotope-coded affinity labeling
(ICAT) is a quantification methodology that uses a biotin affinity tag, a stable isotope ligand, and a
reactive component that binds to thiol groups of proteins (cysteines) in vitro (Shiio & Aebersold,
2006). Chromatography is employed to separate the labeled triptych peptides prior to their detection
by mass spectrometry (MS). ICAT is widely used to discover new proteins that influence important
biological functions in specific cultivars (Barkla et al., 2013).

In the multiplex protein quantification method known as iTRAQ (isobaric labeling for
relative and absolute quantification), isobaric markers are used to identify N-terminal protein and
side-chain amine groups (Hagq et al., 2023). This technique allows the quantification of proteins from
multiple sources in a single experiment, with much higher sensitivity than ICAT. Crop researchers
use iTRAQ to detect markers of biotic and abiotic stress, which can be applied in the development of
genetically modified crops (Su et al., 2019).

Amino acid-stable isotope labeling in cell culture (SILAC) is the most effective metabolic
labeling tool for dynamic quantitative research of the plant proteome. This technique involves in vivo
labeling of cell populations cultured in medium containing N14 or N15 (Soufi & Macek, 2014). The
identification of proteome changes in signaling pathways generated by PTMs in response to stress is
of great value (Mastrobuoni et al., 2012).

MudPIT is a shotgun proteomic approach to analyze complex, low-abundance proteins
(Zhang et al., 2010). This technology is more sensitive, it separates digested proteins using biphasic
or three-phase microcapillary columns, which are then analyzed by tandem MS (Hagq et al., 2023).

MudPIT has been used to explore the mechanisms that regulate tiller count in rice (Lee et al., 2011).

GEL-BASED PROTEOMIC METHODOLOGIES

The gel methodology is the most popular, adaptable and recognized protein separation and
quantification technique. They are more cost-effective than gel-free approaches and can be used to
characterize protein isoforms and identify low-abundance proteins (Sriyam et al., 2007). Two-
dimensional polyacrylamide gel electrophoresis (2D-PAGE) is critical in proteomics due to its
accessibility and familiarity. The isoelectric point (pI) and molecular weight (M) are applied to
differentiate proteins (Marouga et al., 2005). Proteins are classified into two groups based on their
molecular weight (M) and the presence or absence of 2-mercaptoethanol. They can be visualized
with dyes such as Coomassie blue, silver nitrate, or SYPRO Ruby (Rabilloud, 2013).

Difference gel electrophoresis (DIGE) was developed to overcome the limitations of 2D-

PAGE, such as variations between gels and low repeatability. The DIGE technique allows the
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evaluation of variations in protein expression in response to biotic and abiotic stresses (Marouga et
al., 2005). To reduce the co-migration interferences observed in 2D-PAGE, three-dimensional gel
electrophoresis (3DGE) is used, which accurately identifies proteins and post-translational
modifications (PTMs) using two distinct buffers with different ion carriers (Sriyam et al., 2007).

After digestion of the peptides, the proteins of interest are identified by mass spectrometry
(MS). Computational approaches aid in the identification of proteins based on peptide mass and
fragmentation (MS/MS) data (Haq et al., 2023). The process of identifying the protein by MS
involves three phases: transforming molecules into gas-phase ions, separating them in an electric or
magnetic field according to their mass-charge ratio (m/z), and identifying the separated ions with
specific m/z values (Sriyam et al., 2007). Ionization methods include electrospray ionization (ESI),
matrix-assisted laser desorption ionization (MALDI), and surface-enhanced laser

desorption/ionization (SELDI) (El-Aneed et al., 2009).

MASS SPECTROMETRY

This technique works by identifying signals generated by ion transitions during
fragmentation, using a mass spectrometer. Additional tools include MS tandem, linear quadrupole
orbitrap trap (LTQ-Orbitrap), quadrupole trap (Q-trap), and triple quadrupole trap (Haq et al., 2023).
Multiple reaction monitoring (MRM) is the process of detecting multiple changes, while selected
reaction monitoring (SRM) is the process of identifying transitions in a triple quadrupole (Yocum &
Chinnaiyan, 2009). On the other hand, the approaches mentioned above focus on sample accuracy.
To circumvent this problem, SRM/MRM methods use isotopic labeling (Yocum & Chinnaiyan,
2009).

SRM transitions are highly specific scans that aim to detect specific analytes in complex
mixtures, usually using triple-quadrupole-based mass spectrometers (Anderson & Hunter, 2006).
These transitions are planned so that the first mass analysis quadrupole (Q1) is configured to transmit
a narrow mass window around the desired parent ion, while the third quadrupole (Q3, the second
mass analysis quadrupole) is configured to transmit a narrow mass window around the desired
fragment ion (Wolf-Yadlin et al., 2007). Fragmentation occurs in the second quadrupole (Q2) via
collision-induced dissociation (CID). Therefore, SRM requires the presence of two ions to produce a
positive result, which makes it a highly specific detection methodology with a very low noise level,
thus increasing the sensitivity of detection (Yocum & Chinnaiyan, 2009). The success of SRM
transitions depends not only on the ionization efficiency of the parent ion (Q1 transmission), but also
on the fragmentation efficiency of this parent ion and, consequently, on the intensity of the fragment

ion (Q3 transmission) (Jenkins et al., 2006). By inserting several different SRM transitions to the
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same analyte or to different analytes, multiple transitions can be monitored in a single MS run. This
method is known as MRM, balancing productivity and sensitivity (Yocum & Chinnaiyan, 2009).

For the identification and quantification of proteins, MRM-MS has not been as widely used
due to challenges in the development of the method (Griffiths et al., 2007). Although it is
theoretically possible to introduce a standard mixture of proteins into a sample at concentrations
known for quantification, similar to what is done in small molecule analyses, in practice this does not
guarantee robust protein quantification (Yocum & Chinnaiyan, 2009). This is because standard
proteins and analyte proteins can produce different responses in the mass spectrometer due to ion
suppression and variations in fragmentation (Barnidge et al., 2004). In addition, the recovery rates of
the different proteins may be affected by sample preparation steps prior to MS. For this reason,
isotopically labeled peptides instead of proteins are suggested for accurate protein quantification

(Yocum & Chinnaiyan, 2009).

PROTEOMICS AS A TOOL IN AGRICULTURE

The secretome encompasses all secreted proteins, accounting for up to 30% of an organism's
proteome, and plays critical roles in a variety of cellular processes (Skach, 2007). These proteins are
essential for functions such as signal perception and transduction, stress responses, and apoptosis.
The secretion process in plants is highly sophisticated and tightly regulated, and it has been observed
that secreted proteins act both locally and systemically (Gupta et al., 2011). The genes responsible
for encoding these proteins are less frequently present in the central genome, but are more common
in mobile regions. However, the application of proteomics to analyze the secretome is limited due to
several factors, namely, the secreted proteins can be expressed in low abundance; produced by
specialized cell types and expressed at specific stages of development (Ahsan et al., 2007).

Chickpeas are an important legume consumed globally as a source of vegetable protein,
containing 25% protein in their composition (Gupta et al., 2011). In a study with suspended culture
of chickpea calluses, Gupta (2011) the secretome was characterized using classical SDS-PAGE
coupled to mass spectrometry. As a result, 773 secreted proteins were identified, providing a
comprehensive view of the secretome of a dicotyledon species. Regarding the identified proteins,
most were related to primary and secondary metabolism (19.1%), followed by signal transduction
(14.1%), proteins with different functions (11.6%) and maintenance of the redox state (9.2%) in the
extracellular space. Another category included proteins involved in cellular defense (9%) and
transport (8.9%) between intercellular regions. Proteins involved in protein folding (8.9%) and
modification (6.7%) of proteins were also identified. Proteins whose identity was not determined
were classified as unidentified (6.6%). In addition, several proteins (5.9%) involved in cell wall

modifications were detected.
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Proteomic analysis is very useful for the identification of proteins extracted from wheat bread
grain ( Triticum aestivum L.), in a study by Lesage et al. (2012), a comparative analysis of the
proteome of two quasi-isogenic strains (NILs) was performed with the aid of two-dimensional
electrophoresis (2-DE) and mass spectrometry. As a result of the analysis, during grain development,
folding and stress-related proteins were more abundant in the hard strain compared to the soft line.
These results suggest that protein matrix formation occurs earlier in the hard lineage, indicating an
earlier stress response, possibly the unfolded protein response, compared to the soft line, leading to
earlier cell death in the endosperm. In this way, new perspectives emerge on the role of purindolins
in the folding machinery of storage proteins, thus affecting the development of the wheat endosperm

and the formation of the protein matrix.

PROTEOMICS IN THE INVESTIGATION OF ABIOTIC AND BIOTIC MECHANISMS OF
TOLERANCE

Katam et al. (2020), in a study investigated the effects of various abiotic stresses on the
regulation of leaf proteins in soybean cultivars, providing valuable data on the proteomic and
enzymatic responses of soybean to these stresses under field conditions. Using 2-DE protein
mapping and mass spectrometry, the results revealed that simultaneous stresses cause changes in
physiology, proteome and enzymatic activity, differently from what occurs in situations of individual
stress. A significant degree of genetic diversity was observed in the protein abundance between the
two cultivars when subjected to different types of stresses. Multiple proteins related to metabolism,
heat response, and photosynthesis exhibited cross-tolerance mechanisms. This phenomenon was
especially evident in cultivar R95-1705, where proteins responsive to heat, photosynthesis,
metabolism and redox proteins were abundantly present in response to heat stress, as well as to
combined heat and water stress in cultivar PI-471938, suggesting a relative heat tolerance in the
latter.

Heat and drought are the main abiotic stressors that limit the growth and development of
soybean plants, at the cellular level, plants exhibit a variety of physiological and biochemical
responses to overcome these stresses (Eldakak et al., 2013). In a study, Das et al. (2016) investigated
the differential expression of proteins in soybean (Glycine max L.) in response to drought and heat
stress. They identified 44 proteins responsive to abiotic stress that influenced signaling cascades and
molecular processes. In addition, many proteins related to photosynthesis, which were expressed in a
differential manner, impacted RuBisCO regulation, electron transport, and the Calvin cycle during
periods of abiotic stress. According to the results obtained, 25 proteins related to photosynthesis were

downregulated under stress conditions in both soybean varieties.
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Corn ( Zea mays L.) It faces severe threats due to various abiotic stresses, such as drought,
salinity, cold, heat, and flooding. Among these factors, drought or water deficit is the most critical,
posing a significant threat to maize production worldwide (Yousaf et al., 2023). In a study on the
responses to water stress in maize at the protein level, Zenda et al. (2018), employed an iTRAQ-
based quantitative strategy to perform the proteomic profiling of two contrasting inbred maize
strains. A comparative proteomic analysis of the leaves of these two lines and some physiological
responses under water stress were performed. They analyzed 721 differentially abundant proteins
(DAPs) in two maize strains, identifying both common and single proteins accumulated in response
to water limitation in maize. Using an iTRAQ-based method, which resulted in a total of 721
differentially abundant proteins (DAPs), five essential sets of drought-responsive DAPs were
identified, including 13 specific DAPs.

Wang et al. (2019), in proteomic analysis of the filling core proteomes of two drought-
tolerant maize strains, used an iTRAQ-based strategy to identify protein expression profiles during
grain development and to compare the water stress responses of the same strains (YE8112 and
MO17) after a 14-day exposure to moisture deficit. As a result, a variety of molecular elements have
been identified that are involved in mediating drought tolerance, There was a change in the proteome
of the stressed plants compared to the control conditions. A total of 5,175 DAPs were identified in
the four experimental comparisons, DAPs expressed exclusively in YE8112 were mainly involved in
pathways related to "protein processing in the endoplasmic reticulum" and "tryptophan metabolism",
while DAPs in MO17 were associated with "starch and sucrose metabolism" and "oxidative
phosphorylation" pathways. Thus, the results revealed that YE8112 grains were comparatively more
drought tolerant than MO17 grains.

Barley (Hordeum vulgare L.) stands out as one of the most salinity-tolerant crops, being an
excellent model for studies on the mechanisms and inheritance of salinity tolerance, in addition to
being fundamental for the development of tools that improve salt tolerance in cereals (Wang et al.,
2018). In order to perform a biochemical and proteomic analysis of barley, Zhu et al. (2020), verified
two pairs of quasi-isogenic strains (NILs), which are genetically almost identical, except for the
target region containing QS1.TxNn.2H. According to the study, 53 and 51 differentially expressed
proteins were identified in leaves and roots, respectively. QTL QSL.TxNn.2H can improve salinity
tolerance by controlling the load of Na+ in the xylem, reducing the toxicity of Na+ in leaves. In
addition, this QTL induces the expression of proteins related to photosynthesis, elimination of
reactive oxygen species (ROS) and ATP synthase genes.

Huang et al. (2016) applied proteomics to analyze the interaction between tomato cultivars
resistant to and susceptible to TYLCV infection. Proteins extracted from leaves of the resistant

tomato cultivar 'Zheza-301" and the vulnerable cultivar 'Jinpeng-1', after infection by TYLCV, were
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confirmed by two-dimensional gel electrophoresis. A total of 86 differentially expressed proteins
were identified, defined into seven groups based on their functions, which are responsible for
photosynthesis, proteometabolism, carbohydrate metabolism, signal transduction, accompanying
proteins, detoxification, antioxidant and amino acid metabolism. The results help identify key
proteins involved in the interaction between tomatoes and TYLCYV, potentially increasing resistance
to the virus and providing protection against infection.

In proteomic analyses with maize infected with MCMYV (Virus chlorotic stain), Dang et al.
(2019), applied a comparative approach with isobaric tags for relative and absolute quantification
(ITRAQ) to analyze maize infected with MCMV. A total of 972 differentially abundant proteins
(DAPs) were identified, of which 661 showed increased abundance and 311 reduced abundance.
Functional annotations and orientation of photosynthetic activity revealed decreased photosynthesis
and significant changes in ribosomal proteins, stress responses, oxidation-reduction, and redox
homeostasis. Thus, the results suggest that the combination of comparative proteomic analyses and
virus-induced gene silencing can help in the identification of host proteins that modulate MCMV
infection, thus contributing to guide the development of strategies.

Shah et al. (2012) used proteomic analysis of proteins released in the microenvironment of
the infection sites of green and red tomato fruits with B. cinerea to identify the proteins produced by
ripe green and ripe red fruits in response to infection, as well as the proteins released by B. cinerea.
Thus, the analysis characterized 186 proteins in tomatoes infected with B. cinerea, being a viable
approach both to obtain sufficient information to identify pathogen and host proteins from sites of
infection, and to describe the various classes of proteins. The results provided simultaneous
information on host and pathogen proteomes, identifying a significant number of several proteins

involved in pathogenicity and proteins related to protection against the host oxidative stress response.

CONCLUSION

Addressing the growing challenges of agricultural production requires innovative and
integrative approaches. Understanding the genetic diversity of crops and their effective introduction
into new cultivars are crucial to meeting the world's growing demand for food. In this context, omics
techniques, including proteomics, play a key role. Not only does proteomics provide comprehensive
understanding of proteins, but it also offers the opportunity to investigate post-translational
modifications, signaling pathways, and interactions between proteins, thereby contributing to a
deeper understanding of plant behavior in the face of environmental changes.

Methods such as LC-MS, ICAT, and iTRAQ have been widely used to analyze the plant
proteome, each bringing its own advantages and specific applications. In addition, approaches such

as MudPIT have been valuable for exploring regulatory mechanisms in important cultures. By
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integrating these innovative methodologies, we can not only identify markers of biotic and abiotic
stress, but also contribute to the development of more resilient and productive genetically modified
crops. These advances in plant proteomics have the potential to revolutionize agriculture by

providing sustainable and adaptable solutions to address future food production challenges.

\
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