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Overview
The term “proteomics” was first coined by Marc Wilkins in 1994 to represent the protein complement of the 
genome. It generally signifies the comprehensive identification and quantitative analysis of proteins in an 
organism, cell, tissue or organelle at particular event or specific period of time (Wilkins et al., 2013). The vast 
information generated under different omics platform was not sufficient enough to highlight the different 
biological pathways operating inside the living organism. Though, proteome reflects the phenotype of the 
organism by regulating the various reactions operating in different metabolic pathways, an exploration of 
proteome would provide better understanding of various metabolic processes and their interactome for the 
development of specific phenotype.
 Proteomics provides the qualitative and quantitative estimations of important proteins working/ 
accumulated in specific tissues and their differential expression in response to treatment and at different stages 
of growth and development (Kumar et al., 2018). However, recent advancements in new or improved 
technologies and protocols or workflows have provided new possibilities for high-throughput proteome 
analyses and have reduced errors in protein assessment.



Advancement in Proteomic Tools
Proteomic analysis is usually performed through either gel-based analysis (involving initial protein separation 
through gel electrophoresis followed by quantification, protein spot digestion and mass spectrometric (MS) 
identification) or gel-free analysis (involving protease degradation of protein mixtures followed by liquid 
chromatographic (LC) separation and MS identification). Gel-based analysis includes one- or two-dimensional 
polyacrylamide gel electrophoresis (1-DE or 2-DE) and differential in-gel electrophoresis (DIGE). Gel-free 
technologies include multidimensional protein identification  technology (MudPIT) for peptide separation, 
isotope-coded affinity tagging, isobaric tagging for relative and absolute quantification, stable isotope labelling 
of amino acids in cell culture, isotope-coded protein labelling for peptide quantification, and label-free methods 
(peak integration or spectral counting). 



Gel-based Proteomics

 SDS-PAGE is one of the most popular proteomic tool used world-wide for the protein profiling, 
identification and accumulation pattern of unknown protein, and to find out the molecular weight of putative or 
hypothetical protein. It is also called as denaturating gel system or 2-Gel system or denaturating gel system. In 
this method, SDS is used which is basically an anionic detergent with a strong protein-denaturing effect and 

binds to the protein backbone at a constant molar ratio. In the presence of SDS and a reducing agent like β-
MCE that cleaves disulfide bonds critical for proper folding, proteins unfold into linear chains with negative 
charge proportional to the polypeptide chain length. Two different gels are used in SDS-PAGE – Stacking gel 
(pH – 6.8) and resolving gel (pH 8.8) for proper stacking and resolving of protein bands under the influence of 
the electrophoretic mobility. SDS-PAGE has been widely used in 2-DE as second dimension for the separation 
of protein spots based on the molecular weight. It is also used for the protein profiling of diverse genotypes of 
plant species and to find out the differentially expressed proteins (DEPs). 
 The accumulation pattern of the protein has been well characterised in different tissues using the 
method of immunoblotting wherein, the protein sample is separated on the gel using SDS-PAGE and further 
protein specific antibody (monoclonal or polyclonal) is used for the screening along with secondary antibody 
conjugated with enzyme or some fluorophore.  The accumulation pattern of the protein and presence/ absence 
in specific tissues has been well characterised using the tool of SDS-PAGE.

1-Dimensional Electrophoresis (1-DE)



Gel-based proteomic techniques are the most commonly used methods for global protein analysis and involve 
a separation step (usually 2-DE) and an identification step (MS). 2-DE resolves proteins on the basis of 
isoelectric point (pI) and molecular mass (Mr). The separated protein spots can then be stained, with 
Coomassie brilliant blue, silver nitrate, or SYPRO Ruby, among others (Fig. 5). When combined with advanced 
MS techniques, 2-DE allows hundreds of proteins to be characterised in a single polyacrylamide gel, including 
the position of the protein spot (pI and Mr) on the gel. This capability of 2-DE has allowed for characterizing the 
key metabolic and defence regulated pathways and analysis of post-translational modifications (PTMs) of 
proteins.

2- Dimensional Electrophoresis (2-DE)



Differential Gel Electrophoresis (DIGE)
DIGE – Differential Gel Electrophoresis – is a variant of gel electrophoresis that allows for simultaneous 
separation of up to three samples on one gel, bringing a new level of statistical confidence and reliability to 2D 
gel electrophoresis. DIGE was developed to improve the reproducibility of 2-DE and to overcome gel-to-gel 
variation. The system uses fluorescent cyanine dyes covalently bound to the proteins (labelled at lysine) prior to 
the 2D gel electrophoresis process. The dyes (CyTM2, Cy3 and Cy5) are mass and charge-matched, but have 
unique fluorescent properties. Therefore the labelled proteins migrate simultaneously on the 2-DE gel but still 
produce distinct excitation and emission spectra. This technique reduces the number of gels needed for one 
experiment and is able to detect as little as 150 pg of a single protein with a linear response in protein 
concentration of over five orders of magnitude. Multiple protein samples labeled with different dyes can be co-
migrated on the same gel. The gel is scanned using an adapted fluorescence scanner or camera system. The 
relatively high cost of DIGE equipment, software, and consumables, however, has limited its use. 

Three-dimensional separation of proteins has also been developed to 
avoid protein co-migration. After isoelectric focusing, proteins are 
separated by two consecutive SDS-PAGE runs using two different 
buffer systems. 3-D approach is able to increase the number of spots 
analysed and thus improve the accuracy of protein identification and 
comparative quantification.

3- Dimensional Electrophoresis (3-DE)



Limitations of Gel-Based Proteomics
Gel-based proteomics has been exhaustively used in various lab all round the world for the identification and 
characterization of proteins in different tissues at different stages of growth and development. However, the 
method has series of limitations as : 2-DE can separate only 30–50% of the entire proteome Unable to separate 
all the proteins present in a complex sample. Highly abundant proteins mask the appearance of low abundant 
proteins on the gel. Labour intensive and requires expertise in the respective field. Some degree of gel-to-gel or 
run-to-run variability in the detection of the same protein The drawbacks of 2-DE have encouraged the 
application of gel-free proteomics for analysing proteomes.

Mass spectrometers include an energy source to ionise a sample, a mass analyser for ion separation according 
to the mass/charge ratio (m/z), and a detector for detecting ions . Two types of ionisation are commonly used for 
proteomic studies, matrix-assisted laser desorption-ionisation (MALDI) and electrospray ionisation (ESI). Four 
types of mass analysers are currently used: time of flight (TOF), ion trap (quadrupole ion trap, linear ion trap 
(LIT), or linear trap quadrupole), triple-quadrupole tandem MS (MS/MS), and Fourier transform ion cyclotron 
resonance, which differ in several aspects, including sensitivity, resolution, and mass accuracy.

Mass Spectroscopy



Gel-Free Proteomics
The tedious process of running gel based system and the level of expertise required along with the limitation of 
information leads to the development of gel-free proteomic techniques. Gel-free proteomics involved metabolic 
labelling, TAG - based labelling, and label-free methods (Baggerman et al., 2005). In case of TAG - based 
labelling, different mass tags such as ICAT, iTRAQ, TMT, dimethyl labelling, and 18O labelling are introduced 
into proteins or peptides; in contrast, metabolic labelling methods, such as SILAC and 15N labelling, involve 
stable isotope labelling of proteins in living cells. Label-free methods use multi-dimensional capillary LC 
coupled to nanoESI tandem MS to separate and identify the peptides obtained via enzymatic digestion of 
proteins without any labelling. 

Isotope-coded affinity tags (ICAT) are a direct chromatographic approach to evaluate differential expression. 
ICAT reagent pairs are cysteine-binding tags that differ in molecular weight by use of hydrogen or carbon 
isotopes. These reagents are used to differentially label two protein samples, which are then mixed together 
and digested into peptides. Cysteine-containing fragments labeled with the tags can then be selectively isolated 

and analyzed by LC-MS⧸MS with differential expression determined from the peak height ratio of the tagged 

peptides. MS⧸MS data on the peptides is then searched against a protein database, providing the identity of the 
differentially expressed proteins (Peng et al., 2003).

ICAT

SILAC is an MS-based approach for quantitative proteomics that depends on metabolic labelling of whole 
cellular proteome. The proteomes of different cells grown in cell culture are labelled with “light” or “heavy” form 
of amino acids and differentiated through MS. The SILAC has been developed as an expedient technique to 
study the regulation of gene expression, cell signalling, post-translational modifications. Additionally, SILAC is a 
vital technique for secreted pathways and secreted proteins in cell culture.

Stable Isotopic Labelling with Amino Acids 
in Cell Culture



Isobaric tag for Relative and Absolute 
Quantitation (iTRAQ)
iTRAQ is multiplex protein labelling technique for protein quantification based on tandem mass spectrometry. 
This technique relies on labelling the protein with isobaric tags (8-plex and 4-plex) for relative and absolute 
quantitation (Fig. 8). The technique comprises labelling of the N-terminus and side chain amine groups of 
proteins, fractionated through liquid chromatography and finally analysed through MS. It is essential to find the 
gene regulation to understand the biotic and abiotic mechanism, therefore protein quantitation using ITRAQ is 
an appropriate method that helps to identify and quantify the proteins simultaneously (Kumar et al., 2018).



Label-Free Quantification 
Label-free quantification is a method of determining the relative amount of proteins in two or more biological 
samples, but unlike other quantitative methods, it does not use a stable isotope for chemical binding and 
labelling of proteins. Label-free quantitative proteomics approach provides a powerful tool to resolve and 
identify thousands of proteins from a complex biological sample. In this approach, proteins are first digested 
with a protease into a peptide mixture, which is subsequently analysed by tandem MS (MS/MS) and identified 
by database searching. Relative protein abundance is determined by either spectral counting or 
chromatographic peak intensity measurements. Compared with other proteomic methods, the label-free 
quantification approach is rapid and more sensitive, which increases the protein dynamic range 3- to 4-fold as 
compared to 2-DE. This method can also be automated with the ability for large-scale proteome analysis. Gel-
free methods are more reproducible and show far less bias than do gel-based methods. 

Peptides shared by multiple proteins limit reliable identification of proteins isolated using gel-free approaches. 
Owing to alternative splicing, MRNA processing, protein proteolysis, or post-translational modifications, one 
gene can produce many different proteins, thus leading to indistinguishable protein identification when 
sequence coverage is incomplete. Thus, identification of the proteins from which identified fragments are 
derived can be ambiguous. Most MS analyses can create bias by selecting the most abundant ions for 
fragmentation scans. Data-independent analysis without a parent-ion pre-selection may offer an alternative.

Limitations of Label-Free Quantification



Proteo-Informatics
The story of proteo-informatics starts with the data extraction and data conversion from the mass spectrometery 
which is further subjected to search algorithm, or de novo tools or spectral matching. The peptides and protein 
identified is further validated using different statistical suites. Lastly, different quantitative tools and targeted 
approach are followed for the data dissemination. Software’s like ReAdW and T2D extractor are commonly 
used for extracting individual spectra, runs, or entire spot sets. For data conversion, some of the tools used are 
mzXML2Other, peak list conversion utility, Mass Matrix File Conversion Tools, etc. The search algorithm is 
carried out using X! Tandem (utilized as a web-based application or deployed locally using precompiled 
binaries and FASTA-formatted files) or using Global Proteome Machine like X!Hunter, X! P3, OMSSA, 
MAXQUANT (an integrated suite of algorithms specifically developed for high resolution, quantitative MS data), 
etc.  De novo analysis generate sequence from spectrum and match against database by using BLAST. Some 
of the de novo tools are – pepnovo, LuteFisk, etc. For spectral matching, X-hunter or MS clustering is very 
popularly used. Statistical validation of proteomic data are carried out using the tools like  Trans-Proteomic 
Pipeline (TPP), peparml, etc. In case of quantitative too like ITRAQ, I-Tracker is used to extract reporter ion 
peak ratios from non-centroided peak lists. Even MaxQuant is commonly used which quantifies several 
hundred thousand peptides per SILAC-proteome experiment (Table 1).

S.No. Name of the So�ware’s Descrip�on

1 Bhageerath Predicts na�ve-like structures for small globular proteins

2 Protein Structure Genera�on Structure Genera�on from given dihedrals

3 Persistence Length Filters for Globular Protein Evalua�on

4 Radius of Gyra�on Filters for Globular Protein Evalua�on

5 Hydrophobicity Filters for Globular Protein Evalua�on

6 ProRegIn Protein Regularity Index

7 Protein structure op�mizer Energy minimizer for proteins

8 ProSEE - Scoring Func�on for Protein 

Structure Evalua�on

Calculates intramolecular energy of a protein in 

component-wise break up.

9 CPAS Open source toolkit that integrates open source 

proteomics tools along with exis�ng commercial so�ware

10 CORRA Sta�s�cal Analysis tools for Quan�ta�ve proteomics

11 SysPIMP Iden�fy mutated proteins from mass spectrometry results.

12 SwissPIT Mul�tool pla�orm that promotes use of mul�ple search 

algorithms.



Challenges and Future Prospects
Proteomic analysis provides information on the molecular mechanisms and biochemical processes of plant 
growth as well as stress responses in different plant species. Some of the successful stories wherein proteomic 
tools have been used to identify the novel and hypothetical proteins in order to characterize the pathways have 
been listed in Table. This knowledge is critical for breeding programmes and may facilitate the discovery of 
tolerance biomarkers for various stresses and subsequently improve the production of commercially important 
crops. Proteomics is complementary to genomics and provides a crucial link between transcriptomics and 
metabolomics, without overlap. Proteomic information, however, is often fragmented. Nevertheless, the recent 
advances in new technologies and methodologies will help to answer major questions, particularly in plant 
sciences, and to understand the functions of genes, with the ultimate goal of improving crops.

Stress Tissue/organ Plant Method

Drought Roots, leaves Wheat 2-DE and MALDI-TOF/TOF

Leaves Barley 2D-DIGE and MALDI LTQ-Orbitrap XL

Roots Soybean Nanospray LTQ Orbitrap

Mature leaves Rice nanoLC–MS/MS

Leaves Sugarcane 2-DE and MALDI-TOF/TOF

Leaves Soybean 2D-DIGE and MALDI-TOF/TOF

Leaves, leaf sheaths 

and roots
Sugarcane 2-DE and LC-MS/MS

Salt Roots Maize iTRAQ and LC-MS/MS

Leaves and roots Soybean iTRAQ and LTQ Orbitrap Elite MS

Roots Tomato 2-DE and MALDI-TOF/TOF

Roots Barley 2-DE and MALDI-TOF/TOF

Heat Roots Soybean iTRAQ and LC-MS/MS

Rice grains Rice Nanospray LTQ Orbitrap

Leaves Wheat 2-DE, MALDI-TOF/TOF, iTRAQ

Low 

temperature
Fruit Peach 2-DE and MALDI-TOF/TOF

Leaves Banana 2-DE and LC-MS/MS

Fruit Strawberry nanoLC–MS/MS

Heavy metal Leaves Sorghum 2-DE and MALDI-TOF/TOF

Roots Maize iTRAQ and LC-MS/MS

Leaves Citrus iTRAQ and LC-MS/MS

Some of the proteomic methods used for characterizing the agriculturally important crops 
against abiotic stresses
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