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Proteomics is one of the applied sciences in biology, this century .Using the mass spectrometer device
and the development of databases and bioinformatics tools, a fundamental evolution has taken place in
molecular biology and new perspectives have been found in agriculture, pharmaceuticals, molecular
biology, etc. Two-dimensional gel electrophoresis methods are a popular technique for protein separation
because they allow researchers to quantify protein changes on a large scale. Proteomics is a large-scale
evaluation of proteins. The term proteomics was produced in 1997 after the introduction of genomics.
Although the use of databases and bioinformatics to interpret the results of proteomic findings is being
seriously developed. In the study of huge proteomic data, it is very desirable to use the capacity of
multivariate statistical methods, due to having many and extensive variables, because these multivariate
statistical methods provide the possibility of statistical analysis of several variables, therefore, the use of
this statistical technique recently, it has attracted the attention of proteomics scientists. In addition to
understanding the tools of proteomics, we are looking for the practical use of proteomics, especially in
agriculture, because today the pressure is on plant breeders to provide "smart plant varieties" that are more
suitable genotypes with the ability to tolerate biotic and abiotic stress a wider range of climate changes
for dealing with the food insecurity of future generations. Therefore, modern plant breeders need precise
genetic modification with a gene tracking system for the modified trait. The only caveat in the application
of proteomics in biotechnology applications is that genetic modification must be expressed at the protein
level. The purpose of this research is to examine the concepts of some main topics in the field of
proteomics in simple language, and of course, case studies of proteomics in plants, especially in industrial
oilseed plants.
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1. An introduction to proteomics

Based on previous experiences and studies in the
field of proteomics, the hypothesis of conducting this
study and its summarized items were formed in my
mind, and | will describe the related items. After
genomics and transcriptomics, proteomics can be
considered the next step to study biological systems. In
proteomics, the complexity and breadth of research are
much more than in genomics, because the genome of
an organism stable is enough, while the proteome
varies from one cell to another and even from one time
to another in the same cell only by changing. One of
the environmental conditions in two cells will form
different proteomes (Kakaei, 2015). Proteomics is the
most accurate technology to check the amount of
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protein in the cell because it has recently been found
that MRNA is not always translated into protein and the
amount of translation into protein depends on the
transcribed gene and the physiological conditions of
that cell. After the completion of the human genome
project, the researchers concluded that the cell behavior
and all the activities that are carried out in the cell are
the responsibility of the proteins (it cannot be predicted
from the sequence of their genes) in order to connect
the genome with the behavior of the cells. In short, it
should be mentioned that the distance between the
genome and the molecular mechanism of cell behavior
is covered by the proteome.
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1.1. Proteomics tool

Among the various proteomics tools, two-
dimensional electrophoresis, mass spectrometry, and
bioinformatics technology can be mentioned. It can be
said that the first test in protein laboratories was about
the placement of protein spots related to proteomes
obtained from bacterial culture medium under different
treatments (Klose, 2009). Regarding two-dimensional
electrophoresis, it should be noted that first the first
dimension is run, and then the molecules are run in the
second dimension perpendicular to the first dimension
to create an electropherogram in the second dimension.
In the first dimension of the electrophoresis system,
proteins are linearly separated based on their isoelectric
point.

In the second dimension, molecules are separated
based on their molecular weight. Since two molecules
are very unlikely to be similar in these two
characteristics (isoelectric point and molecular weight),
molecules are separated with a much higher guality in
two-dimensional electrophoresis than in  one-
dimensional electrophoresis. The first dimension of
this technique is called the isoelectric focusing (IEF)
electrophoresis technique. In this method, a pH
gradient is created for the gel, and one side of the gel is
more positive than the other side. The second
dimension of this technigque includes SDS-PAGE in a
discontinuous buffer system where proteins are
separated according to the difference in molecular
weight. The pH ranges are different based on the type
of cell or tissue that we want to separate the protein
spots in terms of the two mentioned dimensions, and
this work is achieved by optimizing (trial and error or
the researcher's experience) the experiment (Issaq and
Veenstra, 2008).

Principle of Isoelectric Focusing Two proteins with
variable isoelectric points migrate in the presence of a
pH gradient and electric field until the net electric
charge of a protein becomes zero, at which point
migration stops (Fig. 1). The general process of
proteomics is reported in Fig. 2 by (Yarmush and
Jayaraman, 2002).

1.1.1. Mass spectrometer

The mass spectrometer is one of the most important
tools in proteomics projects, which measures the ratio
of electric charge to the mass of ionized molecules in
the gas phase. In 1981, by inventing the ionization

method called Fast Atom Bombardment, Barber
removed the limitation of using mass spectrometers for
biological samples and played a great role in the
advancement of this technology. Using a mass
spectrometer, one can obtain information about the
protein structure, such as the mass of peptides or the
sequence of amino acids, and identify the target protein
by searching in specific information banks of protein
and DNA. Also, this tool can be used to identify the
type and location of protein modifications. Obtaining
information about protein properties through a mass
spectrometer is done during 3 stages of preparation,
ionization, and mass analysis of the sample. Therefore
the rapid development of mass spectrometers,
paralleled by advances in protein chemistry, provides
us with new ways to ask biological questions (Cafias et
al., 2006; Kakaei, 2015; Wright et al., 2012).
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Figure 1. Principle of isoelectric focusing.
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Figure 2. The general process of proteomics (Yarmush and Jayaraman,
2002)
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1.2. Different study sections in the science of
proteomics

Regarding proteomics techniques, it should be
mentioned that in such studies, the desired proteins are
identified by their amino acid sequence. Among the
most widely used methods are two-dimensional gel
electrophoresis (2DE), liquid chromatography/mass
spectrometry (LC-MS), selected reaction monitoring
(SRM), and surface-assisted laser
ionization/desorption (MRM) and protein microarrays
(Pandey and Mann, 2000).

1.2.1. Exploratory proteomics

In this part of the study, it should be noted that the
main goal of exploratory proteomics is to discover new
proteins or discover gene expression patterns in various
conditions. Two valuable and relatively new
technologies, two-dimensional electrophoresis and
mass spectrometry discover a type of proteomics that
led to the discovery of new proteins. In this type of
study and evaluation, emphasis is placed on proteins
whose abundance has changed compared to a reference
sample, for example, the presence of a protein in the
study sample and its absence in the standard or
reference sample indicates the influence of the
environmental conditions governing its protein
creation. The researcher does not select specific
proteins for study, and because new patterns of gene
expression are discovered in the proteome, we call it
exploratory proteomics (Shirdel et al., 2013).

1.2.2. Target and function-based proteomics

In this field, all the proteins that are identified in the
same cell under the same conditions such as growth,
differentiation, drug effect, disease, etc., and the
possibility of identifying proteins that are expressed in
different conditions or changes in their expression are
observed, and their performance can be tracked. Of
course, identifying these proteins as valuable biological
and molecular markers is useful in diagnosing a disease
or checking the progress or recovery of that disease. In
the plant part, it is possible to subject certain tissues of
the same plant to proteomics studies in conditions of
moisture stress and conditions without moisture stress
and identify the proteins expressed in specific moisture
conditions and use that protein as a marker or It is
possible to exploit that protein after identifying and
ensuring its function in gene production and gene

transfer, which tolerates that specific stress in the plant.
In other words, the cell produces different proteomes in
different environmental conditions. In order to
understand the molecular mechanisms of cell behavior
and biological reactions, it is necessary to evaluate the
proteins that are expressed in a cell, their changes in
different conditions, their function, and even the
interaction between different proteins in a cell. It is
called proteome mapping (Kakaei, 2015).

1.2.3. Comparative and quantitative proteomics

Researchers consider comparative evaluation in
some proteomics comparison examines the abundance
or quantitative volume of one or more proteins in a
proteome is examined compared to the reference
proteome. For example, in studies in the field of plant
sciences, examining protein and its quantitative and
qualitative study, measuring changes in protein
expression, determining the position and identifying
cellular function at the level of bean proteins in relation
to the nutritional stress of the tartan mite using the
technique Two-dimensional electrophoresis has been
reported (Kakaei, 2017).

1.3. Protein microarray technology (protein chip or
protein microarray technology) and quantitative
measurements

In this technology Protein array is a valuable tool to
identify proteins. Protein arrays allow the study of
thousands of interactions simultaneously. The primary
and conventional methods of proteome analysis are
two-dimensional electrophoresis and mass
spectrometry, but despite the effectiveness of these
methods, we face the limitation of not recording
proteins that have low abundance, so they are not very
suitable for diagnostic work because usually proteins
with low abundance are desired for detection.
Therefore, a more comprehensive method such as a
protein array is needed. Currently, microarray
technology is a desirable technology in the proteomics
approach (Angenendt et al., 2002). Considering the
great advantages of this method in the fields of
proteomics and even genomics, a significant
perspective can be given to this technology.

Although the use of databases and bioinformatics to
interpret the results of proteomic findings is being
seriously developed. In the study of huge proteomic
data, it is very desirable to use the capacity of
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multivariate statistical methods, due to having many
and extensive variables, because these multivariate
statistical methods provide the possibility of statistical
analysis of several variables, therefore, the use of this
statistical technique Recently, it has attracted the
attention of proteomics scientists (Zali et al., 2013).

Multivariate statistical analysis and modeling of data
from 2D electrophoresis for comparison and
classification is an alternative approach using the
combination of all proteins/spots in the gel.

Sometimes in exploratory proteomics, we come
across a large space, for example, 50 variables, which
is very difficult to investigate the relationships between
them, so we use multivariate statistical methods to
reduce the number of dimensions in the investigated
space. Each of the gel analysis software pursues a
specific goal, for example, obtaining biomarkers, or
matching points in gels in similar samples to determine
the proteomic diversity between two sensitive and
tolerant samples to a specific stress. Decomposition
into principal components (bi-plot analysis), cluster
analysis (clustering into protein categories based on the
desired criteria), detection function analysis
(confirming the correctness of clustering), correlation
analysis (studying the relationships between the
expression profiles of protein points), etc. There are
multivariate statistical methods that are used in the
analysis of two-dimensional gels in proteomic studies.
The use and importance of using multivariate statistical
methods in proteomic studies have been emphasized
and used by many researchers (Zali et al., 2013; Jensen
et al., 2008; Jessen et al., 2002; Fullaondo et al., 2001;
Kakaei, 2015).

1.4. Protein engineering

Protein engineering is one of the most important
branches in the science of biotechnology, which has
various sub-branches. According to the definition of
protein engineering and protein biotechnology, it is the
production and extraction of proteins from animal,
plant, and microbial sources and their use in a special
biological event. A group of proteins is produced and
used in industry, a group for a therapeutic and
diagnostic procedure, and another group to make
special industrial tools. Choosing the source of protein
is the first step in the production process of any type of
protein. Plant and animal tissues and microorganisms
are among the sources of protein extraction. Plants are

also considered one of the important sources of
industrial proteins. Proteins can be mass-produced by
cultivating animal, plant, and microbial cells (Jackman
and Yada, 2009).

1.4.1. Protein synthesis in the living environment

A protein engineer should pay attention to the
following three points in order to be able to design and
purify a protein:

I. Knowledge of the basic spatial arrangement
information of natural protein,

Il. Choosing the right organism, until the desired
protein gene is expressed in it and it can be obtained
after purification.

I11. The protein engineer must know the differences
between the gene expression mechanism in prokaryotic
and eukaryotic systems in order to be able to choose the
most appropriate system (Moosavi-Movahedi et al.,
2009).

1.5. Case studies in different plants in the field of
agricultural proteomics

Kakaei et al. (2017) in a study titled alfalfa plant
protein changes under normal conditions and under
stress resulting from alfalfa leaf weevil feeding, stated
that the use of multivariate statistical methods such as
principal component analysis, cluster analysis, and
detection function analysis in it is very useful to study
protein spots in alfalfa samples under the biological
stress of the weevil pest and the reference sample
(under control and free from the presence of the alfalfa
leaf weevil).

Kakaei (2017) in a study entitled Response of
Common Bean proteome to Two-Spotted Spider Mite
Tetranychus urticae Koch using Proteomics
Techniques, stated that proteins play a very important
role in the response of plants to biological stress
because they play a role in the structural changes and
metabolic changes of the plant. Primary metabolites
also affect insect preference and performance in plants
(Berenbaum, 1995). Evaluation of the expression of
proteins with the help of two-dimensional
electrophoresis showed that, in general, proteins have a
change in expression against the nutritional stress of the
two-spotted tartan mite. The presence of most of the
proteins expressed in the present study in the group of
stress-responsive proteins probably indicates the effect
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of these primary metabolites on the preference and
performance of insects and their defensive role.

Kakeai and Kiani (2019) in a study titled Evaluation
of Proteins Expression Differences of Royan Axes in
the Two Cultivars of Rice with Two-dimensional
Electrophoresis, stated that the variation in the embryo
axis protein pattern in two rice cultivars tolerant and
sensitive to salinity (Houssine and Seng Jo cultivar,
respectively) was identified and also by using two-
dimensional electrophoresis studies, it is possible to
easily investigate the significant expression changes
due to the difference of cultivars at the embryo
proteome level with the help of relevant software and
statistical analyzes and determine the index of changes.
They also stated that the decrease in the expression of
spots in the salt-sensitive variety (Sang Jo) indicates the
destruction of proteins.

Kakaei (2015) in the study of alfalfa populations,
stated that alfalfa is an important fodder plant and
alfalfa leaf weevil is the primary pest of this plant, a
research was conducted to investigate the general
pattern of expression. The protein content of the leaves
of this plant in response to the biological and nutritional
stress of the alfalfa leaf weevil pest was determined
using the proteomics technique. In order to investigate
the effect of stress resulting from alfalfa leaf weevil
feeding on alfalfa leaf proteome pattern, a sample of
nutritional stress and no nutritional stress under the
same growth conditions were obtained to determine the
significant difference in gene expression between the t-
test method was used for control and stress conditions.
The results obtained from the mass spectrometer led to
the identification of the desired proteins.

Kakaei (2018) in the study of the application of two-
dimensional electrophoresis in identifying the sources
of resistance and susceptibility to yellow rust disease in
bread wheat, stated that based on the relative resistance
indices, susceptible, resistant and semi-resistant
cultivars can be identified. Resistant and sensitive were
identified among the studied cultivars. Therefore, after
examining the protein pattern of these two cultivars, 17
spots had increased expression and 10 spots had
decreased expression. Based on the obtained results,
the difference in the proteome pattern of two resistant
and sensitive wheat cultivars can probably show the
change in the expression level of enzymes and proteins
involved in resistance. Fig. 3 and Fig.4 show images of
a leaf sample in the Rejaw variety of bread wheat in the

range of pH 4 to 7 is linear and the Proteome pattern of
alfalfa leaf tissue genotype Hamadani in the spotted
alfalfa aphid feeding stage.
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Figure 3. The image of a leaf sample in Rejaw variety of bread wheat in
the range of pH 4 to 7 is linear - photo by Mehdi Kakaei
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Figure 4. Proteome pattern of alfalfa leaf tissue genotype Hamadani in
the spotted alfalfa aphid feeding stage - photo by Mehdi Kakaei

1.6. Case studies about industrial plants and the
importance of proteomics

The Camelina plant (Camelina sativa), a member of
the Brassicaceae family, has been proposed as one of
the plants suitable for industrial oilseeds (Neumann et
al., 2021). Due to the importance of industrial plants,
especially oilseed industrial plants, I will discuss some
of the research records in this field below. Camelina
sativa L. a closely related species of Arabidopsis, is an
oilseed crop that is emerging as an important biofuel
source. Camelina genome and transcriptome maps
have recently become available, but their proteome
composition remains unknown. An LC-based
quantitative proteomics study was used to characterize
the Camelina seed proteome, resulting in the
identification of 1532 proteins (Alvarez et al., 2015).

Balbuena et al. (2011) studied sunflower genotypes
with a proteomics approach in relation to cold and
stated that cold acclimation is a phenomenon in which
plants are exposed to low but non-freezing
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temperatures before being exposed to extreme
temperatures. To investigate how the metabolism of
sunflower plants is regulated during low temperatures,
they adopted a comparative proteomic approach to
identify differentially expressed proteins in frost-
sensitive and tolerant leaves. Cold-responsive proteins
were more involved in metabolism, protein synthesis,
energy, and defense processes in all studied sunflower
lines.

Culha Erdal et al. (2021) in a proteomic study of
safflower drought-sensitive and drought-tolerant
cultivars, stated that drought is one of the most
important environmental stresses that negatively
affects the growth and development of oilseeds.
Regarding the safflower plant, there is limited
knowledge about its proteomic studies. They also
stated that a total of 72 protein spots were observed
differently the identified proteins were mainly involved
in photosynthesis and carbohydrate, defense protein
and energy metabolism

Lopez-pedrouso et al. (2014) in a study of common
beans say that using the two-dimensional
electrophoresis technique, they identified clusters with
the highest levels of methionine content in beans,
methionine is an essential amino acid that is deficient
in bean seeds. Their findings showed that this
technique could be used in the genetic improvement of
beans.

2. Conclusion

According to the researches and studies that | have
done in the field of proteomics and also according to
the review of various articles that I have done in this
review article, the following summarized results can be
reached, which | will state below.

Proteome can be introduced as all the proteins
expressed by the genome, a cell, or an organism, and
the science of proteomics includes extensive studies
such as the isolation of proteins from a sample and the
comparison of protein expression in various samples
such as the control sample with the sample under
treatment or under conditions. Includes special the
science of proteomics with its various tools has
revolutionized the fields of agriculture, medicine,
pharmaceuticals, etc. Although the genome data
obtained from genomics is very valuable, it is incapable
of answering all biological questions, and post-
translational changes cannot be interpreted with

genomic studies, so proteomics is a useful tool for
describing molecules and biological pathways. In the
field of agriculture (in relation to biotic and non-biotic
stresses) in order to identify proteins and finally to
identify the gene or genes responsible for tolerance to
the aforementioned stresses in order to create tolerant
plant varieties or species, extensive research has been
done in cooperation with genetic engineering science.
Some of them have been mentioned. Among other
methods of protein separation, the two-dimensional
electrophoresis method has attracted the attention of
researchers due to the possibility of high
reproducibility. The world of proteomics is an infinite
world that we are now at the entrance of. Scientists are
looking for the application of genome information in
the field of proteomics.

In general, in industrial plants such as camellia,
sunflower, safflower, canola, soybean, cotton, sugar
beet, sugarcane, other medicinal plants, etc., more
proteomic studies have been conducted or are being
conducted in relation to biotic and abiotic stresses, but
with Paying attention to protein changes in different
environmental conditions and high environmental
variations and high genotypic variations in different
plant species, protein studies may not be able to give a
specific number of years to complete the proteome
project, and most of the proteins identified in the
mentioned plants are under stress conditions. Both
biological and non-biological are somewhat common.
According to the case examples that were mentioned,
the valuable and wide world of proteomics science
became more visible, and the space for trying to
understand the different aspects of this science in
agriculture, medicine, etc. is very ready (Kakaei, 2015).

In addition to understanding the tools of proteomics,
we are looking for the practical use of proteomics,
especially in agriculture, because today the pressure is
on plant breeders to provide "smart crop varieties" that
are more suitable genotypes with the ability to tolerate
a wider range of climate changes for Dealing with the
food insecurity of future generations. Therefore,
modern plant breeders need precise genetic
modification with a gene tracking system for the
modified trait. The only caveat in the application of
proteomics in biotechnology applications is that
genetic modification must be expressed at the protein
level.



219 Kakaei / Agrotechniques in Industrial Crops, 2022, 2(4): 213-220

Conflict of Interests
All authors declare no conflict of interest.

Ethics approval and consent to participate
No human or animals were used in the present
research.

Consent for publications
All authors read and approved the final manuscript
for publication.

Availability of data and material
All the data are embedded in the manuscript.

Authors' contributions
All authors had an equal role in study design, work,
statistical analysis and manuscript writing.

Informed Consent
The authors declare not to use any patients in this
research.

Funding/Support
This study was supported by the Payame Noor
University, Tehran, Iran.

Acknowledgement

This article was achieved based on the material and
equipment of Payame Noor University, that the authors
thanks it.

References

Alvarez S., Roy Choudhury S., Sivagnanam K., Hicks L.M.,
Pandey S. 2015. Quantitative Proteomics Analysis of Camelina
sativa Seeds Overexpressing the AGG3 Gene to ldentify the
Proteomic Basis of Increased Yield and Stress Tolerance.
Journal of Proteome Research 14(6): 2606-2016.
https://doi.org/10.1021/acs.jproteome.5b00150

Angenendt P, Glokler J, Murphy D, Lehrach H, Cahill DJ. 2002.
Toward optimized antibody microarrays: a comparison of
current microarray support materials. Analytical biochemistry
309(2): 253-260. https://doi.org/10.1016/S0003-
2697(02)00257-9

Balbuena T.S., Salas J.J., Martinez-Force E., Garcés R., Thelen J.J.
2011. Proteome analysis of cold acclimation in sunflower.
Journal of Proteome Research 10(5): 2330-2346.
https://doi.org/10.1021/pr101137q

Berenbaum M.R. 1995. The chemistry of defense: theory and
practice. Proceedings of the National Academy of Sciences
USA 92(1): 2-8. https://doi.org/10.1073/pnas.92.1.2

Cafias B., Lopez-Ferrer D., Ramos-Fernandez A., Camafeita E.,
Calvo E. 2006. Mass spectrometry technologies for proteomics.
Briefings in  Functional Genomics 4(4): 295-320.
https://doi.org/10.1093/bfgp/eli002

Culha Erdal S., Eyidogan F., Ekmek¢i Y. 2021. Comparative
physiological and proteomic analysis of cultivated and wild
safflower response to drought stress and re-watering.
Physiology and Molecular Biology of Plants 27(2): 281-295.
https://doi.org/10.1007/s12298-021-00934-2

Fullaondo A., Vicario A., Aguirre A., Barrena I., Salazar A. 2001.
Quantitative analysis of two-dimensional gel electrophoresis
protein patterns: a method for studying genetic relationships
among Globodera pallida populations. Heredity (Edinb) 87(Pt
3): 266-272. https://doi.org/10.1046/j.1365-2540.2001.00847.x

Issaq H., Veenstra T. 2008. Two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE): advances and perspectives.
Biotechniques 44(5): 697-700.
https://doi.org/10.2144/000112823

Jackman R.L., Yada R.Y. 2009. Protein engineering: Methodology,
applications and status. Food Biotechnology 1(2): 167-223.
https://doi.org/10.1080/08905438709549666

Jensen K.N., Jessen F., Jargensen B.M. 2008. Multivariate data
analysis of two-dimensional gel electrophoresis protein patterns
from few samples. Journal of Proteome Research 7(3): 1288-
1296. https://doi.org/10.1021/pr700800s

Jessen F., Lametsch R., Bendixen E., Kjaersgard 1.V., Jargensen
B.M. 2002. Extracting information from two-dimensional
electrophoresis gels by partial least squares regression.
Proteomics and  Systems  Biology 2(1): 32-35.
https://doi.org/10.1002/1615-9861(200201)2:1<32::AID-
PROT32>3.0.CO;2-J

Kakaei M. 2015. Screening and identification of resistance and
susceptibility factors of alfalfa (Hypera postica) by biometry
and proteomics. PhD thesis of Bu-Ali Sina University. (In
Farsi).

Kakaei M. 2017. Response of Common Bean proteome to Two-
Spotted Spider Mite Tetranychus urticae Koch using
Proteomics Techniques. Journal of Entomological Society of
Iran 37(3): 305-320.
https://doi.org/10.22117/jesi.2017.113810. (In Farsi).

Kakaei M. 2018. Application of Two-dimensional Electrophoresis
to ldentify the Resistance and Sensitivity Sources of Yellow
Rust Disease (Puccinia striiformis f. sp. tritici West.) in Bread
Wheat (Triticum aestivum L.). Agricultural Biotechnology
17(1): 11-22. https://doi.org/10.22084/AB.2018.14382.1358.
(In Farsi).

Kakaei M., Kiani S. 2019. Evaluation of Proteins Expression
Differences of Royan Axes in Two Cultivar of Rice with Two-
dimensional Electrophoresis. Agricultural Biotechnology
Journal 10(1): 43-53.
https://doi.org/10.22084/AB.2020.18624.1404. (In Farsi).

Kakaei M., Mazaherlaghab H., Mostafae A. 2017. Study of protein
changes in alfalfa (Medicago sativa L.) in normal conditions
and under the tension from alfalfa weevil (Hypera postica
Gyll.) feeding. Agricultural Biotechnology Journal 9(1): 49-66.
https://doi.org/10.22103/jab.2017.1668. (In Farsi).


https://doi.org/10.1021/acs.jproteome.5b00150
https://doi.org/10.1016/S0003-2697(02)00257-9
https://doi.org/10.1016/S0003-2697(02)00257-9
https://doi.org/10.1021/pr101137q
https://doi.org/10.1073/pnas.92.1.2
https://doi.org/10.1093/bfgp/eli002
https://doi.org/10.1007/s12298-021-00934-2
https://doi.org/10.1046/j.1365-2540.2001.00847.x
https://doi.org/10.2144/000112823
https://doi.org/10.1080/08905438709549666
https://doi.org/10.1021/pr700800s
https://doi.org/10.1002/1615-9861(200201)2:1%3c32::AID-PROT32%3e3.0.CO;2-J
https://doi.org/10.1002/1615-9861(200201)2:1%3c32::AID-PROT32%3e3.0.CO;2-J
https://doi.org/10.22117/jesi.2017.113810
https://doi.org/10.22084/ab.2018.14382.1358
https://doi.org/10.22084/ab.2020.18624.1404
https://doi.org/10.22103/jab.2017.1668

220 Kakaei / Agrotechniques in Industrial Crops, 2022, 2(4): 213-220

Klose J. 2009. From 2-D electrophoresis to proteomics.
Electrophoresis 30(S1): 142-149.
https://doi.org/10.1002/elps.200900118

Lopez-Pedrouso M., Bernal J., Franco D., Zapata C. 2014.
Evaluating two-dimensional electrophoresis profiles of the
protein phaseolin as markers of genetic differentiation and seed
protein quality in common bean (Phaseolus vulgaris L.).
Journal of Agricultural and Food Chemistry 62(29): 7200-7208.
https://doi.org/10.1021/jf502439u

Moosavi-Movahedi A.A., Chamani J., Taghavi AMH,
Moghadamnia S.H. 2009. Proteins Structure and Function.
University of Tehran Press. 2" Edition. 153 pp.

Neumann N.G., Nazarenus T.J., Aznar-Moreno J.A., Rodriguez-
Aponte S.A., Mejias Veintidos V.A., Comai L., Durrett T.P.,
Cahoon E.B. 2021. Generation of camelina mid-oleic acid seed
oil by identification and stacking of fatty acid biosynthetic
mutants. Industrial Crops and Products 159: 113074.
https://doi.org/10.1016/j.indcrop.2020.113074

Pandey A., Mann M. 2000. Proteomics to study genes and genomes.
Nature 405(6788): 837-846. https://doi.org/10.1038/35015709

Shirdel S.A, Alemi M, Khalifeh K. 2013. New topics in biology:
proteomics and nanobiotechnology. Modares Journal of
Biotechnology 4 (2): 9-22. http://biot.modares.ac.ir/article-22-
2462-en.html. (In Farsi).

Wright P.C., Noirel J., Ow S.Y ., Fazeli A. 2012. A review of current
proteomics technologies with a survey on their widespread use
in reproductive biology investigations. Theriogenology 77(4):
738-765. https://doi.org/10.1016/j.theriogenology.2011.11.012

Yarmush M.L., Jayaraman A. 2002. Advances in proteomic
technologies. Annual Review of Biomedical Engineering 4:
349-373.
https://doi.org/10.1146/annurev.bioeng.4.020702.153443

Zali H., Rezaee tavirani M., Seied khani nahal A., Shahriari noor
M., Bolghari N. 2013. Data Analysis of Two Dimensional
Electrophoresis Gels by Multivariate Statistical Methods.
Journal of llam University of Medical Sciences 20(5): 216-224.
http://sjimu.medilam.ac.ir/article-1-947-en.html. (In Farsi).

HOW TO CITE THIS ARTICLE

Kakaei M. 2022. Plant Proteomics and Industrial Oil Plants. Agrotechniques in Industrial Crops 2(4): 213-220. 10.22126/ATIC.2023.8688.1082



https://doi.org/10.1002/elps.200900118
https://doi.org/10.1021/jf502439u
https://doi.org/10.1016/j.indcrop.2020.113074
https://doi.org/10.1038/35015709
http://biot.modares.ac.ir/article-22-2462-en.html
http://biot.modares.ac.ir/article-22-2462-en.html
https://doi.org/10.1016/j.theriogenology.2011.11.012
https://doi.org/10.1146/annurev.bioeng.4.020702.153443
https://sjimu.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=zali
https://sjimu.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=rezaee+tavirani
https://sjimu.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=seied+khani+nahal
https://sjimu.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=shahriari+noor
https://sjimu.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=bolghari
https://sjimu.medilam.ac.ir/article-1-947-en.pdf
https://sjimu.medilam.ac.ir/article-1-947-en.pdf
https://sjimu.medilam.ac.ir/browse.php?mag_id=48&slc_lang=en&sid=1
http://sjimu.medilam.ac.ir/article-1-947-en.html
https://doi.org/10.22126/atic.2023.8688.1082

