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Abstract

Genome sequencing of various organisms allow global analysis of gene expression, providing numerous clues on the biological function 
and involvement in the biological processes studied. Proteomics is a branch of molecular biology and biotechnology that has undergone 
considerable development in the post-genomic era. Despite the recent significant advancements in proteomics techniques, still there is 
much to be improved. Due to peculiarities to the plant kingdom, proteomics approaches require adaptations, so as to improve efficiency 
and accuracy of results in plants. Data generated by proteomics can substantially contribute to the understanding and monitoring of 
plant physiological events and development of biotechnological strategies. Especially for tropical species, challenges are even greater, 
in the light of the abundance of secondary metabolites, as well as of the lack of complete genome sequences. This review discusses 
current topics in proteomics concerning challenges and perspectives, with emphasis on the proteomics of tropical plant species. 
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Resumo

O sequenciamento dos genomas de diversos organismos tornou praticável a análise global da expressão gênica, fornecendo 
numerosas pistas quanto à função biológica e envolvimento de inúmeros genes nos processos biológicos estudados. A 
proteômica é um dos ramos da biologia molecular e da biotecnologia que passou por expressivo desenvolvimento na era pós-
genômica. Apesar dos recentes avanços nas técnicas em proteômica, muito resta a ser aprimorado. Devido às particularidades 
do reino vegetal, várias abordagens devem ser adaptadas no sentido de aumentar a eficiência e a acurácia de resultados das 
análises proteômicas em plantas. Nesse sentido, os dados gerados pela proteômica podem contribuir substancialmente para a 
compreensão e acompanhamento de eventos fisiológicos e para o desenvolvimento de estratégias biotecnológicas. No que tange 
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às espécies tropicais, as dificuldades são ainda maiores, devido ao fato de serem ricas em metabólitos secundários e ainda não 
terem seus genomas totalmente sequenciados. Esta revisão trata de tópicos atuais em estudos de proteômica de plantas, desafios 
e perspectivas, com ênfase em espécies tropicais. 

Palavras-chave: 2-DE, espectrometria de massas, espécies recalcitrantes, genomas desconhecidos, proteômica.

INTRODUCTION

In recent years several articles have reported the 

complete sequencing of genetic codes of various organisms. 

However, obtaining the nucleotide sequences of an 

organism’s genome represents a mere first step in the more 

comprehensive understanding of gene expression regulation. 

In the “omics” context, great emphasis has been directed 

towards functional genomics, whose aim is to identify the 

sequence and function of genes and proteins based on the 

investigation of the transcriptome and the proteome.

Transcriptome analysis provides important information 
about the gene expression of an organism in a given state; 
however, it does not directly reflect the protein expression of 
this organism (Chen and Harmon, 2006). Several mechanisms 
are involved in the regulation of the protein synthesis (Figure 
1). During protein synthesis, post-transcriptional and post-
translational modifications may regulate the spatial and 
temporal expression and conformation of proteins, modulating 
distinct proteins classes which, biochemically and structurally, 
may play different roles in metabolic pathways and proteome 
composition of an organism.
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Figure 1. Control mechanisms that act in protein synthesis where a single gene gives rise to multiple protein conformation and different functions. 

On the other hand, proteomics is the study of the 
proteins set in a cell in a given situation. Proteomics has 
gained the status of an essential approach towards the 
investigation of the roles that proteins play in cell metabolism. 
The term proteome was first defined by Mark Wilkins 
in 1994, at the first 2-DE meeting in Siena, Italy, and was 
subsequently mentioned in publication, in 1995 (Wasinger et 
al., 1995). Proteome refers to the “total protein complement 
of a genome” or, in the case of a pluricellular organism, to 
the protein complement of a tissue, expressed by a genome, 

under certain physiological conditions (Wilkins et al., 1996). 

Proteomics has been regarded as one element of genomic 

investigations, the post-genomic era, as a direct result of the 

advancements made possible by large-scale DNA sequencing 

(Mann et al., 2001).

Proteomic analysis provides the elements required 

for the study of proteins’ properties (expression level, 

post-translational modifications, interactions etc.) and for 

the systematic evaluation of protein expression in tissues 
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exposed to an array of different physiological scenarios, such 
as pathological and healthy, treated and untreated, resistant 
and susceptible conditions (Wasinger et al., 1995).

In its very beginning, the proteomics — like any 
other discovery in science technology, such as genomic 
sequencing, microarray analysis and metabolic profiling — 
was focused on ambitious projects that aimed at separating 
and detecting as many proteins as possible from one source, 
which could allow these proteins to be computationally 
catalogued. These studies were in vogue between 1995 and 
2000. Nevertheless, in its second wave, proteomics now 
aims at the global characterization of the protein functions, 
contributing to a global understanding and integrated 
knowledge of different functions in living cells, i.e. functional 
study of proteins and their involvement in cellular pathways. 
This kind of information cannot be obtained only from the 
study of genes, since proteins are major agents responsible 
for the phenotypes of cells.

Moreover, proteomic analysis generates knowledge 
about cell signaling pathways as well as sets of regulatory 
proteins. Additionally, proteomics is used to identify, quantify 
and study the post-translational modifications of proteins in a 
cell, tissue or organism under a given physiological condition. 
Also, it may be employed to gather important supplementary 
information about the physiological and pathophysiological 
states of cells and organisms (Mann and Jensen, 2003; 
Newton et al., 2004).

Proteomic characterization is an important 
complementary tool of genomic studies, since the dynamics 
of proteins in a living system is influenced by a variety of 
internal and external factors that determine structural and 
conformational protein changes. Proteomic analysis offers 
the opportunity to simultaneously examine changes and 
classify temporal patterns of protein accumulation in different 
developmental stages and/or growth conditions.

Nowadays, proteomics has numerous applications, 
including: i) study of differential protein expression, providing 
important information on cell signaling and development of 
organisms; ii) study of post-translational modifications; iii) 
protein-protein interactions; iv) structural proteomics; v) 
functional proteomics and vi) computational proteomics.

Proteome analysis involves further difficulties beyond 
that of genomes, because the proteome of every living cell is 

dynamic and changes in response to intra- and extracellular 
signal molecules. Understanding the proteome is a complex 
task, because in most cases the protein does not act alone, 
since it may interact with other proteins (Gazzana and Borlak, 
2007). Besides, the number of expressed proteins is much 
larger than the number of genes, and there is no available 
methodology that allows the amplification of proteins with low 
number of copies. Proteins are also physically and chemically 
more complex than nucleic acids, with interactions and 
functions that depend on their three-dimensional structure 
(Jorrin et al., 2006). Proteins can undergo post-translational 
modifications such as phosphorylation, methylation, 
acetylation and proteolytic cleavage, among others. For these 
reasons, predicting the final structure and function of different 
proteins from proteomics analysis is a new and exciting 
research challenge. 

Recent studies indicate that the correlation between 
mRNA and protein levels is inexplicably low (Jorrin et 
al., 2006). In fact, proteomics cannot provide complete 
information to understand the mechanism that sets the pattern 
of protein expression, in part because key regulatory proteins 
such as transcription factors and signaling proteins are hardly 
visualized in 2-DE gels due to low abundance. However, 
parallel studies of transcriptome and proteomics may provide 
key information about transcription processes and post 
translational events (Zivy and Vienne, 2000).

Plant proteomics studies were first carried out in maize 
(Touzet et al., 1996). The study of proteins expressed in plant 
tissues and organs has been applied to monitor changes or 
assess the influence of environmental stimulus on patterns 
of protein expression (Agrawal et al., 2005), variations in 
response to physiological events (Gallardo et al., 2001), 
variations in host-pathogen interaction, investigations for 
plant breeding improvements, including the study of defense 
proteins in plants (Elvira et al., 2008).

In recent years, several studies have been directed to 
the characterization of the dynamics of proteins involved in 
plant development, coupled with genome and transcriptome 
characterization (Roberts, 2002; Heazlewood and Millar, 
2003; Chen and Harmon, 2006; Rossignol et al., 2006). Most 
plant proteomics studies have investigated species native 
to temperate regions, mostly grain species, while tropical 
species remain mainly underexplored. 
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This review addresses current topics in the proteomics 
of tropical species - the major challenges hindering the 
progress of the studies and the current scientific scenery of 
tropical plants proteomics.

TROPICAL PLANTS PROTEOMICS: 
CHALLENGES AND LIMITATIONS

Previous proteomics studies have focused mostly on 
economically important species such as rice, wheat and 
grape, as well as on some model plants like Arabidopsis. 
However, genomic and proteomic studies in tropical plants 
are very scarce. Tropical plants species represent 2/3 of total 
number green plants of the world and have a huge potential 
for pharmaceutical, agronomical, reforestation and other 
applications.

For proteomics studies, tropical plants present a 
recalcitrant nature because they have many interfering 

compounds and in general they do not have sequenced 
genomes. Tropical plants are exposed to high temperatures 
and excess of radiation, presenting an efficient apparatus to 
fight oxidative stress (Wahid et al., 2007). These plants can 
behave dynamically in response to environmental stimuli, 
with rapid induction and suppression of secondary metabolite 
production, as strategies to cope with oxidative stress (Metlen 
et al., 2005). 

Although tropical plants proteomics has been poorly 
studied, some studies have been published whose aim was 
to separate and detect as many proteins as possible, in order 
to characterize protein profiles. Further studies have been 
developed towards understanding the proteome changes of 
these tropical plants, especially in the embryogenic process 
and response to pathogens, anaerobic conditions and abiotic 
stress, like low temperatures. Knowing how and when these 
events occur is a very important aspect concerning the 
understanding of the physiology/pathophysiology of tropical 
plants (Table 1).

Table 1. Proteome studies in tropical species. Material employed, conditions studies and platforms.

Species Material Evaluated condition Platform Reference

Acca sellowiana Somatic embryos culture - 2-DE/MALDI-MS Cangahuala-Inocente et al., 
2009

Aloe vera L. Leaves - 2-DE He and Wang 2008

Araucaria angustifolia Embryo and gametophyte seeds - 2-DE/LC-ESI-MSMS Balbuena et al., 2009

Araucaria angustifolia Zygotic embryos - 2-DE/ MALDI-MS Silveira et al., 2008

Araucaria angustifolia Mature and germinated Seeds - 2-DE/LC-ESI-MSMS Balbuena et al., 2011

Citrus clementina cv Tomatera Leaves Tetranychus urticae infestation/
methyl jasmonate 2-DE/LC-ESI-MSMS Maserti et al., 2010

Citrus limon Flavedo tissue - 2-DE/LC-ESI-MSMS Pignataro et al., 2010

Citrus paradisi Macf and  
Citrus reticulata Blanco Flavedo and juice vesicle tissue Anaerobic stress 2-DE/LC-ESI-MS Shi et al., 2008

Citrus sinensis Leaves
Stress by plant natriuretic 
peptides of Xanthomonas 

axonopodis pv. Citri
2-DE/MALDI-MS Garavaglia et al., 2010

Citrus sinensis Embryogenic callus culture Different stages of somatic 
embryos 2-DE/MALDI-MS Pan et al., 2009

Citrus sinensis Flesh fruit Ripening time 2-DE/LC-ESI-MSMS Muccilli et al., 2009

Citrus reticulata Juice sacs Low temperature storage 2-DE/MALDI-MSMS Yun et al., 2010

Cocos nucifera L. Wood shaving Lethal yellowing 2-DE Reyes-Martínez et al., 2007
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Species Material Evaluated condition Platform Reference

Euterpe edulis Embryo and endosperm seeds - - Panza et al., 2007

Hevea brasiliensis Latex - 2-DE/LC-ESI-MSMS D’Amato et al., 2010

Hevea brasiliensis Latex - 2-DE/MALDI-MSMS Wang et al., 2010

Hevea brasiliensis Seeds Germinated and dry seeds 2-DE/MALDI-MS Wong and Abubakar 2005

Manihot esculenta Green cotyledons of somatic 
embryos

Undergoing secondary somatic 
embryogenesis 2-DE/MALDI-MSMS Baba et al., 2008

Manihot esculenta Crantz Somatic embryos, plantlets and 
tuberous roots (in vitro) - SDS-PAGE/LC-ESI-MSMS Li et al., 2010

Manihot esculenta Crantz Fibrous and tuberous root 
tissues - 2-DE/LC-ESI-MSMS Sheffield et al., 2010

Mentha arvensis Leaves Alternaria alternata infection 2-DE/MALDI-MSMS Sinha and Chattopadhyay 2011

Musa spp. Shoot meristems (in vitro) - 2-DE/MALDI-MSMS Samyn et al., 2006

Musa spp. Meristem cultures High sucrose medium 2-DE/MALDI-MSMS Carpentier et al., 2007

Nepenthes alata Pitcher fluid - 2-DE/LC-ESI-MSMS Hatano and Hamada 2008

Ocotea catharinensis Embryo and endosperm seeds Developing seeds 2-DE/MALDI-MSMS Dias et al., 2010

Ocotea catharinensis Seeds Developing seeds 2-DE/ MALDI-MS and LC-ESI-
MSMS Moraes, 2006

Phaseolus vulgaris Seeds - 2-DE/MALDI-MSMS De La Fuente et al., 2010

Phoenix dactylifera Somatic embryos culture (in 
vitro) ABA and sucrose 2-DE/MALDI-MSMS Sghaier-Hammami et al., 2010

Phoenix dactylifera L. Sap - 2-DE/MALDI-MSMS  Thabet et al., 2010

Phoenix dactylifera L. Zygotic and somatic embryos - 2-DE/MALDI-MSMS Sghaier-Hammami et al., 2009

Ricinus communis Endoplasmic reticulum from 
seeds

Developing and germinating 
seeds

2-D DIGE/ MALDI-MS and LC-
ESI-MSMS Maltman et al., 2007

Ricinus communis L. Seeds - 2-DE/MALDI-MSMS Campos et al., 2008

Sporobolus stapfianus Leaves Dehydration 2-D DIGE/LC-ESI-MSMS Oliver et al., 2010

Theobroma cacao L. Leaves and meristems Moniliophthora perniciosa 
infection 2-DE Pirovani et al.. 2008

Vanilla planifolia Organogenic callus (in vitro) - 2-DE/MALDI-MSMS Palama et al., 2010

Vigna unguiculata Leaves Manganese-toxicity response 2-DE /LC-ESI-MSMS Führs et al., 2008

Vigna unguiculata Embryogenic cell suspensions - 2-DE/MALDI-MSMS Nogueira et al., 2007

Sample preparation challenges: In general, most 
comparative studies on plant proteomics rely mainly on 
protein separation by two dimensional electrophoresis (2-DE) 
with subsequent protein identification by mass spectrometry 

(MS/MS) (Figure 2). Although the platform based on 2-DE is 
still the most commonly used, gel-free and second-generation 
quantitative proteomic techniques have been increasingly 
used (Jorrín-Novo et al., 2009).
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Figure 2. Stages of plant proteomics, using interface two-dimensional electrophoresis (2D-PAGE) and mass spectrometry (MS).

Depending on the gel size and pH gradient used, 2-DE 
can resolve around 2,000 protein spots simultaneously 
(Gorg et al., 2004). Although 2-DE protein separation can 
produce impressive protein maps, there are several problems 
associated with technical reproducibility related to correct 
spot matching. Even with the most advanced software 
technologies, high matching accuracy requires final manual 
validation of each computationally generated spot group 
(Hajduch et al., 2006). To simplify this labor intense task and 
maximize accuracy of spot matching, high quality 2-DE gels 
with minimal spot streaking and overlap are essential (Thelen 
and Peck, 2007). In the case of plant proteome studies, 
most of the problems associated with lack of resolution and 
reproducibility comes from inadequate protein isolation and 
sample preparation.

Protein extraction and solubilization are key steps for 
2-DE based proteomics. Consistent, reproducible 2-DE 

gels depend on maximum protein recovery, with minimum 
amounts of interfering compounds. Proteomic research on 
poorly characterized experimental systems, like tropical plants, 
is often hampered by the lack of routine sample preparation 
procedures. In this way, special attention should be devoted 
to preparing a preliminary, baseline sample of tropical plants, 
which could be used to test different extraction methods and 
isolate and fractionate proteins from plant material (Carpentier 
et al., 2005; Natarajan et al., 2005). Excellent reviews have 
indicated the most successful guidelines to be followed 
in order to perform the adequate protein extraction prior to 
2-DE (Shaw et al., 2003; Rose et al., 2004; Gorg et al., 2004; 
Carpentier et al., 2005; Natarajan et al., 2005; Weiss and 
Gorg, 2008).

Tropical plant tissues are difficult to disrupt due to the 
presence of the cell wall, which is made of a complex assembly 
of polysaccharides. The cell wall and vacuole make up the 
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majority of the plant cell mass, while the cytosol represents 
not more than 1-2% of the total cell volume (Carpentier et al., 
2005). Moreover, plant tissues have relatively low protein/
volume content, when compared to bacterial or animal 
tissues. The process gains complexity when proteins are 
extracted from mature plants, for which breaking the thick cell 
wall for protein extraction is a process that imposes special 
difficulties (Islam et al., 2004). 

In addition, the cell wall and vacuole are both associated 
with numerous substances that might be responsible for 
irreproducible and poor results, as among which proteolytic 
breakdown, streaking and charge heterogeneity (Carpentier 
et al., 2005). Secondary metabolites, mainly polyphenolic 
compounds, reversibly combine with the proteins by covalent 
condensations (Carpentier et al., 2005), leading to charge 
heterogeneity and streaks in gels. Extracted carbohydrates 
may block gel pores causing precipitation and extended 
focusing times, resulting in streaking and sample losses. 
Terpenoids, pigments and lipids also produce streaking and 
charge heterogeneity that negatively affects the reproducibility 
of the 2-DE gels (Carpentier et al., 2005).

Moreover, extremely abundant proteins, like RuBisCO, 
may potentially mask the detection of proteins with lower 
abundance by MS, though reliable and robust methods to 
remove highly abundant proteins from plant tissue samples 
are still under development (Neilson et al., 2010).

Numerous strategies have been developed in order to 
deal with interfering elements in tropical plants tissues, using 
salt solutions, buffers and/or organic solvents (Carpentier 
et al., 2005). Maximizing high-quality protein extraction, 
tissue disruption, removal of interfering compounds and 
protein solubilization steps need to be optimized for each 
system studied (Wang et al., 2008). The selection of the 
ideal extraction solution, which would be one that solubilizes 
higher protein amounts, depends on the species, tissues and 
proteins being studied. 

It has been established that a given extracting solution 
would have affinities with one or more specific protein 
classes, which allows extracting proteins differentially, 
according to the method used (Carpentier et al., 2005). 
Methods using chaotropic buffers that are used to extract 
total protein from plant cells and tissues are usually based on 
urea and thiourea, also containing nonionic and/or zwitterionic 

detergents, reducing agents, carrier ampholytes and inhibitors 
of proteases, phosphatases and oxidoreductases (Saravanan 
and Rose, 2004; Natarajan et al., 2005); however, this step of 
protein extraction from plant tissues usually results in poorly 
resolved protein maps.

Optimal conditions for sample preparation from plant 
tissues prior to 2-DE have also been reported (Jacobs et al., 
2001; Wang et al., 2003a; Giavalisco et al., 2003; Islam et 
al., 2004; Saravanan and Rose, 2004; Natarajan et al., 2005; 
Vasconcelos et al., 2005; Carpentier et al., 2005; da Silva et 
al., 2010). Direct protein precipitation in acetone containing 
10% trichloroacetic acid (Mechin et al., 2007) and phenol 
partitioning (Hurkman and Tanaka, 1986) are the two main 
protein extraction procedures that have been adopted for 
2-DE analysis in plant tissues. However, unfortunately, 
there is no single method of sample preparation that can 
be universally applied to all kind of samples analyzed by 
2-DE (Weiss and Gorg, 2008). Problems concerning protein 
solubilization have to be addressed case by case, in order 
to achieve high-quality 2-DE protein maps and facilitate the 
spot matching procedure.

Physicochemical properties of some proteins may 
also interfere in solubilization efficiency. This is particularly 
true for integral membrane proteins and outer membrane 
proteins. Integral membrane proteins comprise one or 
several membrane-spanning regions that are formed 
from hydrophobic stretches of nonpolar amino acids that 
transverse the phospholipid bilayer as alpha-helices (Braun 
et al., 2007). Outer membrane proteins form β-barrels that 
transverse the membranes as pores, containing both polar 
and nonpolar amino acids that face either the aqueous channel 
or the hydrophobic lipid bilayer (Braun et al., 2007). Due to 
their high hydrophobicity the solubilization and proteome 
analysis of membrane proteins remain a huge challenge: the 
physicochemical heterogeneity of 2-DE separations is not 
appropriate for the comprehensive mapping of membrane 
proteins; many hydrophobic proteins are not solubilized in 
the IEF sample buffer and precipitate at their isoelectric point 
and low-abundance of some membrane proteins are beyond 
the limit of detection of standard proteomic techniques 
(Ephritikhine et al., 2004). 

Alternative strategies have been proposed in order 
to overcome these problems. In non-plant organisms, 
2-DE systems that use ionic detergents, such as SDS, 
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16-BAC (benzyldimethyl-n-hexadecylammonium chloride) 
or CTAB (cetyl trimethyl ammonium bromide) in the first 
dimension have been capable of resolving a large number 
of high hydrophobic membrane protein spots (Braun et al., 
2007). A comprehensive review on plant plasma membrane 
proteomics was described by Komatsu (2008) which 
suggests that analysis of membrane proteins still remains 
a major challenge for proteomic techniques based on SDS-
PAGE, 2-DE or shotgun strategies. The author also states 
that, although these methods have been successful in 
identifying membrane proteins, complementary proteomic 
methods should be adopted, since they are less effective 
than a combination of quantitative analysis and do not afford 
an appropriate degree of separation of protein variants by 
2-DE. 

Difference gel electrophoresis (DIGE) represents an 
alternative protein separation approach that may be used 
to overcome issues concerning sensitivity, allowing the 
detection of less abundant proteins, and less subject to gel 
variability, which promotes improved reproducibility. Great 
quantitative accuracy may also be obtained from 2DE DIGE 
experiments due to the ability to run multiple samples on 
the same gel (Marouga et al., 2005). In DIGE, proteins are 
preincubated with activated fluorescent dyes to label lysine 
or cystein residues with a sensitive tag that can be used to 
quantify the abundance of that protein in solution (Tong et 
al., 2001). When performed with charge-matched reactive 
dyes, the labeled protein will migrate to the same isoelectric 
position on a 2-DE map as the traditional staining methods, 
although a slight mass shift is possible below 20 kDa (Thelen 
and Peck, 2007). 

The main advantage of prelabeling proteins with 
spectrally distinct fluorescent tags is the ability to 
combine different protein samples to be separated within 
the same gel, greatly simplifying spot matching and 
quantification. Technically, it could be possible to use 
as many dyes as possible, limited only by the number 
of fluorescence-emitting dyes with non-overlapping 
spectral patterns; however, today only three dyes are 
commercially available (Thelen and Peck, 2007). The 
linearity, sensitivity and wide dynamic range of these dyes 
have granted DIGE the status of a powerful quantitative 
technique, extremely attractive for comparative analysis. 
In addition, the ultrahigh sensitivity of CyDye (dye linked 

to the cystein residues) DIGE offers more advantages 
than silver staining, being able to detect proteins at pico to 
fentomolar levels (Marouga et al., 2005). Unfor tunately, 
the high sensitivity of this strategy is matched by 
only a handful of commercial mass spectrometers. 
In light of this, today resolving a separate preparative 
2-DE gel containing the Cy-labeled protein samples 
with larger amounts of unlabeled protein has become 
a common practice (Thelen and Peck, 2007). After 
fluorescent imaging, this preparative gel is overstained 
with Coomassie blue so that the spots of interest can 
be matched between fluorescent and Coomassie images 
and excised for mass spectral analysis (Thelen and Peck, 
2007).

Mass spectrometry-based quantitative proteomics 
analysis: Although widely used, the 2-DE technique has 
limitations when dealing with very large or small proteins, 
the proteins at the extremes of the pI scale, membranes and 
low abundant proteins (Chelius and Bondarenko, 2002). 
Alternatives to 2-DE gel-based quantification of intact 
proteins are mass spectrometry (MS)-based approaches, 
in which, usually, proteins are enzymatically degraded to 
peptides subsequently used to identify and quantify the 
proteins from which they originated. Currently, there are two 
main approaches to comparative quantification by MS. The 
first approach is the incorporation of stable isotopes into 
one or more of the samples being studied. This procedure 
may be carried out in vivo using stable isotope labeling, 
such as the isotope-containing amino acids introduced in 
the cell culture media (SILAC) (Ong et al., 2002, 2004) or 
in vitro, by introduction of a label into the peptides during 
or after digestion of the proteins. The most common in 
vitro labeling is the 18O labeling during trypsin digestion 
(Mirgorodskaya et al., 2000) and the use of isobaric tags for 
relative and absolute quantitation (iTRAQ), in which primary 
amines are chemically modified to produce mass reporters 
that are used to quantify the peptides in the MS/MS scan 
(Ross et al., 2004).

The second approach to MS-based protein 
quantification is the label-free technique, which has become 
more commonly used in recent years. This strategy is 
very attractive, since it does not require additional sample 
processing steps that increase experimental cost and 
reduce detection sensitivity. Moreover, the limited numbers 
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of isotope labels that can be run concurrently impose 
limitations against the comparative analyses of large sample 
sets (Domon and Aebersold, 2006; Nesvizhskii et al., 2007; 
Mueller et al., 2008). Based on the information obtained 
with chromatographic data, MS and MS/MS assignments, 
label-free quantitative strategies are attractive alternatives 
for quantitative proteomics because of their simplicity, 
affordability and flexibility (Gao et al., 2008). Previous 
studies have shown that quantitation based on spectral 
ion intensity, peak area of peptide ions or spectral counting 
correlates well with protein abundance in complex samples 
(Bondarenko et al., 2002; Chelius and Bondarenko 2002; 
Wang et al., 2003b; Wiener et al., 2004; Liu et al., 2004, 
Venable et al., 2004; Old et al., 2005).

In a label-free approach based on relative comparison 
of peak areas, the use of dedicated software is essential for 
large scale matching of peptides from multiple raw LC-MS/
MS files (Mueller et al., 2008). The basis for such approach 
is the assumption that under well controlled conditions, 
identical peptides across different LC-MS/MS experiments 
can be compared directly (Wong et al., 2007). This procedure 
is carried out using combinations of retention time and 
precursor mass characteristics to iteratively match peptides 
that elute from the chromatography gradient. Once matched, 
the peak areas (corresponding to the matched peptides) are 
compared to produce an expression ratio (Thelen and Peck, 
2007). In this strategy, one should be very careful with the 
reproducibility of the chromatographic step, as errors drifts 
in retention time and in peak detection can influence the label-
free quantification result.

An alternative form of label-free quantification is the 
spectral counting, a strategy that tabulates the number 
of MS/MS scans attributed to the same precursor ion 
(Thelen and Peck, 2007). The premise of the method 
is that the more abundant the peptide, the more likely it 
will be selected for MS/MS analysis. Liu et al. (2004), 
Old et al. (2005) and Gao et al. (2008) have shown that 
spectral counting is highly reproducible and sensitive to 
protein abundance changes, even when studying complex 
samples. To facilitate spectral count, all MS/MS spectra are 
first mined using database search programs and the whole 
spectra belonging to the same peptide ion or protein is 
tallied (Wong et al., 2007). Although the technique is easy 
to conduct, because it is compatible with any software 

that exports the number of MS/MS spectra assigned to 
a specific peptide or protein, the major challenge lies in 
the computational and statistical analysis of the results in 
order to assign differential expression of the protein(s) of 
interest.

Protein identification of tropical plants: Strategies 
to study organisms with unknown genomes: Successful 
protein identification depends on several factors, including 
the database used for data mining. The choice of database 
is very important, since it is the database that determines 
the significance of results (Cañas et al., 2006). Currently, 
numerous plant proteome and genome databases are 
available online, as reviewed by Jorrín-Novo (2009), which 
can be used for data mining of “orphan” species. Database 
search can be carried out using protein sequences from an 
evolutionarily close-related organism: protein identification 
based on similarity with orthologues (Grossman et 
al., 2007). Currently, over 20 million green plant EST 
sequences are listed in the NCBI GenBank Nucleotide 
database. However, due to the single, automated, sequence 
reading from one or both ends of random cDNA clone 
insertions, EST sequences are short (typically about 400-
600 bases) and relatively inaccurate (around 2%) (Pontius 
et al., 2003). The large volume, short lengths and lack of 
functional annotation are common obstacles to the use 
of EST sequences for gene modeling and gene or protein 
identification. One approach to reduce the redundancy and 
to consolidate EST sequence data, as well as to maximize 
the sequence information of the gene transcripts is to 
assemble EST sequences and, if possible, the available 
cDNA sequences using highly stringent assembly criteria 
(Childs et al., 2007). 

The first efforts to cluster large numbers of nucleotide 
sequences in a transcription locus, each represented by 
a set of related but unassembled transcript sequences, 
and assign functional annotation to these sequences 
was performed by the NCBI UniGene project (Pontius et 
al., 2003). Later, the Gene Index project generated CAP3 
assembled tentative consensus sequences for data mining 
of, originally, 30 plant species (Lee et al., 2005). The 
PlantGDB EST (Dong et al., 2004) and the TIGR (Childs et 
al., 2007) projects also provide and important source of 
EST assemblies for protein database search and novel gene 
identification (Table 2).
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Table 2. Some sources of assembled and annotated nucleotide sequences for protein database search in plant organisms.

Project Name Website Species Reference
TIGR Plant Transcript Assemblies http://plantta.jcvi.org/index.shtml 254 Childs et al., 2006

PlantGDB EST Assemblies http://www.plantgdb.org/prj/ESTCluster/ 223 Dong et al., 2004
The Gene Index Project* http://compbio.dfci.harvard.edu/tgi/ 60 Lee et al., 2005

NCBI UniGene* http://www.ncbi.nlm.nih.gov/unigene 48 Pontius et al., 2003
HarvEST project http://harvest.ucr.edu/ 09 Close et al., 2007

* These projects include resources from non-plant organisms. For these projects, only the number of plant organisms is reported. 

Another possible strategy is based on peptide sequencing 
extracting information directly from acquired spectra. 
Conventional protein identification approaches presume the 
identity between sequences of peptide precursors fragmented 
in MS/MS experiments and sequences produced by in silico 
digestion of protein database entries. However, this approach 
has limited capacity to identify proteins whose sequences 
remain unknown, heavily modified proteins, or even proteins 
from wild-bred species that often contain large sequence 
polymorphisms (Junqueira et al., 2008). Besides, protein 
sequence mining with a specific database is always biased 
towards the most conserved and well represented proteins 
which, in most cases, do not reflect the true composition 
in a protein mixture (Junqueira et al., 2008). An alternative 
approach to overcome these issues is to use direct signal 
information from acquired spectra to assign strings of the 
primary sequence of a peptide. The de novo sequencing by 
MS dates back more than 30 years and was firstly used in 
combination with Edman degradation, and then on its own 
(Biemann, 2002). The development of “soft” ionization 
techniques, such as the electrospray ionization, high 
resolution and accuracy mass spectrometry greatly improved 
the results from de novo sequencing (Standing, 2003, Seidler 
et al., 2010). With improved mass resolution capacity of FT-
ICR instruments, detection of more fragments was made 
possible. Additionally, precision in MS data allows studying 
homeometric peptides (different peptides with nearly identical 
sets of b- and y- ion peaks), improving the quality of acquired 
data and facilitating both manual and automated interpretation 
(Frank et al., 2007). Since thousands of MS/MS spectra are 
generated in each mass spectrometry experiment, manual 
interpretation of the acquired spectra can be extremely hard 
and time-consuming. Currently, several engines exclusively 
dedicated to automated de novo sequencing have been 
developed in order to overcome this issue, such as PepNovo, 

SeqMS, MSNovo, Lutefisk, Peaks, AUDENS and SHERENGA. 
Proteins of organisms with unknown genome often show 
sequence homologies to functionally related homologues in 
other completely sequenced organisms. Therefore, existing 
sequences databases may be helpful through homology-based 
searches of peptide candidates suggested by the automated 
de novo engines (Seidler et al., 2010). It is important to 
notice that peptide sequence candidates cannot be directly 
used to BLAST and FASTA engines without compromising 
search specificity. For this reason, several database searching 
tools have been developed to handle the large numbers of 
peptide sequences proposed by de novo sequencing engines 
(Shevchenko et al., 2009). Cidentify (Taylor and Johnson 
1997), MSBLAST (Shevchenko et al., 2001), FASTS (Mackey 
et al., 2002), MS-Homology (Chalkley et al., 2005), OpenSea 
(Searle et al., 2004), among others, have already been 
successfully applied in numerous proteomics studies. For a 
recent and extensive review on homology-driven proteomics, 
please read Shevchenko et al. (2009).

PROSPECTS OF TROPICAL PLANTS 
PROTEOMICS

The most important platform used in proteomic 
studies is still 2-DE, followed by MS/MS for separation and 
identification of the proteins of interest. This kind of analysis 
provides a convenient way to study the various proteins that 
are present in plants and to identify those that are regulated 
in response to different growth and/or stress conditions. 
However, the amount of proteins identified is modest, when 
compared to other commonly studied species. It is expected 
that the number of genomic databases will increase rapidly 
with the current advances in large-scale genome sequencing 
technologies, which may facilitate and provide large amounts 
of data to be used in proteomic experiments. Despite all these 
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various difficulties, in recent years several papers on plant 
proteomics have been published. Researchers in this field are 
becoming aware that the results produced by a well-designed 
proteomic technique validate the workload and the technical 
difficulties involved in these investigations (Nielson et al., 
2010).

Tropical plant proteomics offers a contribution to several 
biotechnological applications in biomedicine (through the 
identification and characterization of allergens and potential 
protein/peptide drugs, derived from species used in popular 
medicine), agronomics (through studies of the equivalence 
of transgenic crops, genotyping, studies of heterosis, plant 
defense peptides and the environment) and food science 
(through studies of food quality control and traceability).

Studies addressing seed development play an essential 
role in conservation strategies for tropical species, since the 
propagation of tropical species is one of the main problems 
in terms of economic/agronomic use. These species present 
recalcitrant seeds, and so only 48% have seeds tolerant to 
dehydration (Berjak et al., 1984). Proteomics addresses 
this question, playing a fundamental role towards a better 
understanding of metabolism and genes expression in 
embryogenesis and seed filling.

Moreover, different global models predict that greenhouse 
gases will gradually increase the world’s average environment 
temperature, and the knowledge about functional genomic of 
tropical plant species will be of great value considering global 
warming, increasing carbon dioxide concentrations, and UV 
radiation.
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