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ABSTRACT 

Comparative proteome of irradiated mutant and wild type Oryza sativa 

Author: Joyce Grace anak John 

Resource Biotechnology, Faculty Resource Science and Technology, 
University Malaysia Sarawak, 
Sarawak, Malaysia. 

In this research, the comparative proteome is the protein analysis of irradiated mutant and wild type Oryza sativa 
to detect the presence or absence of proteins and the direct measurement of relative protein abundances. This is 
done first by the extraction of total protein from the sample, and then protein was separated by using SDS - 
PAGE and 2D - PAGE. These proteomic methods were used to obtain a protein profile ofrice total seed proteins 
and identify important functional protein component. Then, results were analyzed using Delta2D - Gel analysis 
software. Overall, matching protein spots of irradiated mutant varieties of Mutant 28, Mutant 39 and Mutant 40 
with variety MR219 - wild type were 101, 103 and 107 respectively. These results expand our understanding of 
the rice proteome and improve our knowledge of the cellular biology of rice seeds. To obtain the new desirable 
trait in crops, mutation breeding was vastly used. Since, mutation cause changes in protein expression, protein 
analysis was done to know which protein undergo alteration. 

Keywords: Oryza sativa, SDS= PAGE, 2D- PAGE, Delta2D Gel analysis software 

ABSTRAK 

Dalam kajian ini, perbandingan profit protein di dalam mutan Oryza sativa yang diradiasjkan and variasi Oryza 
saliva yang dominasi melalui perbandingan kehadiran and ketiadaan protein. Pertama, protein diekstrak 
daripada sampel, kemudian protein akan dikesan melalui permisahan mengunakan SDS PAGE dan 2D PAGE. 
Cara ini selal digunakan untuk memperoleh pet a rujukan bagi jumlah protein penuh yang terkandung di dalam 
beras and dengan mengenalpasti molekul penting di dalam profil protein yang diperolehi. Kemudian, keputusan 
terakhir akan dianalysis menggunakan software analisis 2D Page iaitu . Secara keseluruhannya, protein spot 
bagi mutan irradiasi dalam variati Mutant 28, Mutant 39 dan Mutant 40 dibandingkan dengan variati MR2 I 9 
wild type adalah 101, 103 dan 107 masing - masing. Melalui keputusan ini pengetahuan tentang profit protein 
beras yang dikaji akan meningkat dan membolehkan kita memahami biologi bagi biji beras. Dengan ini, ciri - 
ciri yang dikehendaki oleh pengkaji dapat dihasilkan bagi memperoleh baka beras yang lebih bagus. 

Keywords: Oryza saliva. SDS- PAGE, 2D- PAGE, Software gel analisis Delta2D 
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1. INTRODUCTION 

It is important to keep improving the breeding strategies in agriculture as the 

human population is increasing. Since human population is growing, the natural resources 

might get insufficient. Hence, hybridization method is applied to many foods and feeds in . 
order to meet the need of everyone (Hodgins, 2013). In brief, many of the foods consumed by 

people worldwide have been altered genetically. This is for the sake of shortening the time of 

crop production and acquiring desired genetic trait such as more nutritious and tasty. This 

desired altered trait is called variation (Mba, 2013). Hence, variation is the main goal in 

breeding that plant breeder is focus on. Through the studies of the mutation breeding, these 

variations properties can be used to produce one plant with many desired features. In a 

process called mutation induction, many genetic variety for crops is induced using radiation. 

This is an important breakthrough as varieties are an important factor in agriculture (Joint 

FAO/IAEA Programme, 2017). In mutation breeding, identifying the proteins altered through 

the mutation is what matter the most. Hence, the functionality of the protein is studied. Since, 

the knowledge can be used for genetic engineering of the crop. 

One of challenges in proteome analysis is to separate complex protein 

components while maintaining the interactive associations among component protein 

(Zubarev, 2013). In this research, the proteome study is used to determine which proteins in 

the irradiated mutant rice were affected by the random mutation caused by the gamma ray. In 

different states of an organism, the protein profiles can be associated to find proteins that are 

qualitatively and quantitatively affected by the condition of interest. Hence, superior protein 

separation resolution and technologies are needed for such profiling in order to identify the 
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potentially huge numbers of proteins (Wrzesinska et al., 2013). This research is aim to study 

the alteration of protein profile of mutant Oryza saliva treated by irradiation comparing with 

the wild type variety. Through this research, desired trait of rice can be produced by the 

manipulation of the responsible protein in order to meet the need of human everyday 

necessities. The hypothesis of this research is that individual proteins which responsible for 

the mutation in irradiated mutant Oryza saliva can be determined by comparing the presence 

or absence of a protein spot between wild type and irradiated mutant Oryza saliva using 2D 

PAGE. The alteration of the protein profile may also due to activity of the protein are 

suppressed not necessarily totally absent. 

The objectives of this research are to extract and obtain total protein of 

irradiated mutant and wild type Oryza saliva. Next is to obtain the 2D- PAGE protein profile 

of irradiated mutant and wild type Oryza saliva and then compare the protein profile of 

irradiated mutant and wild type Oryza sativa. 
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1. LITERATURE REVIEW 

2.1 Oryza Sativa (Rice) 

Oryza sativa also known as rice comes from perennial grass genus of Poaceae family. Oryza 

sativa is a short day plant which is originated from tropics area (Wu et al., 2013). Rice 

domesticated in India and then brought to China by 3,000 B.C. Which is now cultivated in 

warm temperate, semi - tropical and wet tropical area worldwide especially for its cereal grain 

production. Other than wheat, Triticum species, Rice is the two most important cereal crops 

world for human consumption. Rice was also used as a model for monocotyledon because of it 

well establish databases (Song et al., 2012). There are hundreds of cultivars of different 

grain colour, shape and size of Oryza sativa. There are many categories of rice such as valley 

rice, summer rice, spring rice and upland rice. Transgenic rice is a common event to improve 

the quality of the rice. The modification of rice done through genetic engineering producing 

genetically modified rice. There are a lot of improvement have been done resulting in higher 

quality of rice varieties in term of adding in more nutrients, weight production, pest resistance, 

and production. One of the transgenic rice is Golden rice, the varieties of rice which produce 

pro vitamin A and beta carotene. This may benefit people with vitamin A deficiency 

(Potrykus, 2010). This is give advantages to solve vitamin A deficiency problem usually 

faced by under developing countries but reach the subsistence farmers free of charge and no 

restriction for the farmer to grow their own crops. However, golden rice is not readily 

accepted in some country since transgenic crops still not well acknowledged. Hence, in order 

to meet the desire of people, improvising rice quality by genetic engineering should be 

avoided hence, irradiation of rice to improve its functionality. 
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2.2 Irradiation of rice mutant 

In the late 1920's, through Lewis John Stadler's studies on maize, wheat and barley 

demonstrated that radiation can produce genetic variability in plants. His studies have been the 

base start of effective mutation breeding until now. According to El - Deg·vy, (2013), gamma 

have been the most rapid method in enhancing. the qualitative and quantitative character of 

many crops. Gamma ray is a highly energetic ray. When gamma ray hits cells, the DNA 

composition can change through the generation of reactive oxygen. Hence, mutation is 

induced, if the cell's own repair mechanism do not repaired the changes in the DNA (lyama & 

Wilson, 2013). Although mutation itself is a natural phenomenon however radiation can 

increase the natural mutation. Plant material is irradiated due to the nature of gamma ray 

which is electromagnetic and particulate. Optimal dose of radiation should be determined 

before the mutation breeding, it should be high enough to cause mutation and low enough to 

allow plant grow (Marcu et al., 2012). In the mutation breeding, the mutations usually remain 

recessive until the following generations (Joint FAO/IAEA Programme, 2017). In Lukanda's 

studies, compare to various dose treatment, gamma rays treatment at optimum exposure have 

resulted in high grain yield and other morpho agronomic parameters. However, too high 

exposure of gamma ray result in significantly decreases in plant growth and grain yield 

(Lukanda et al., 2013). 

Basically, the mutation breeding seeds are treated in a gamma cells with a Co60 

source. Then, in a process called chronic irradiation, whole plants are irradiated on gamma 
. 

field. The main source of gamma rays used in biological studies is cobalt 60 and cesium 

13 7. Since, Cesium - 13 7 half - life is much longer than cobalt - 60, it is more preferred. The 

mutation in the DNA structure such as the aberrations of chromosome, substitutions of base, 
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deletion of base and alterations of base are the reasons of macroscopic variations in 

phenotypes level. Changes in agronomic traits can be transmitted to the succeeding 

generations. The aim of shorten the growth time and improve the traits of the crops is achieve 

by inducing mutations with the combination of different techniques, Compare to the 

traditional breeding strategies, induced mutations. breeding is more effective and time saving 

(Hartung & Schiemann, 2014). Besides induced mutations breeding can help to improve 

quantitative and qualitative traits in crops. 

Mutant produced by ion- beam irradiation are not transgenic plants, since transgenic crop 

have been controversial, the mutants produced by ion- beam irradiation are likely to be 

accepted by customers (Ishikawa, 2012). 

2.3 The Bradford Method for protein quantitation 

Calculation of protein concentration is important in the protein analysis procedure. An assay 

described by Bradford for protein quantitation has been the most chosen method. The 

Bradford assay depends to the binding of the dye Coomassie Blue G250 to protein. Free dye 

can exist in four different ionic forms which are the cationic red and green form and the 

anionic blue form. The anionic blue form binds to the protein and has the absorbance at 590 

nm. The concentration of the protein can be determined by the quantity of the dye in the blue 

ionic form by measuring the absorbance of the solution at 595 nm. However, the dye most 

willingly binds to arginyl and lysyl residues of proteins which may lead to variation to 

different proteins. There are two type of assay which are the standard assay and the 

microassay, standard assay is suitable for measuring between 10 and 100 µg of protein, and 
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the microassay, can detects between 1 and 10 pg of protein (Walker, 2002). Bradford method 

is very easy to use, fast and less interference by other substances. However, the contrasting of 

basic residues between the standard and target protein is not really concerned. Hence, when 

the standard protein is used, the result may difference. Hence, the standant.. and target proteins 

must be the same of accuracy of protein quantitation. It is must better to use standard protein 

with the same basic amino acid residue ratios to the target protein (Ku et al., 2013). 

2.4 SDS- PAGE 

One of the most used laboratory method to separated protein is the polyacrylamide gel 

electrophoresis. One of polyacrylamide gel electrophoresis is Sodium dodecyl sulfate 

Polyacrylamide gel electrophoresis (SDS - PAGE). SDS - PAGE is used to linearize protein 

and make protein negatively charged. SDS will bind to the polypeptide chain and cause an 

equal distribution of charge per unit mass. Negatively charged proteins will move towards the 

positive electrode throughout the electrophoresis process. The proteins will be separated by 

size. This electrophoresis use different concentration of two gel systems. The two gels have 

different electrophoresis buffer composition and pH of electrophoresis tank. There are two 

layer of electrophoresis gel which are stacking gel for upper layer and separating gel for the 

lower layer. Stacking gel is a macroporous gel with low concentration (Creative Biomart, 

2015). Acrylamide is the material of choice for preparing electrophoretic gels to separate 

proteins by size. Acrylamide mixed with bisacrylamide forms a crosslinked polymer network 

when the polymerizing agent, ammonium persulfate (APS), is added. TEMED (N,N,N,N'­ 

tetramethylenediamine) catalyzes the polymerization reaction by promoting the production of 
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free radicals by APS. Banding pattern of proteins obtained by SDS - PAGE have succeed in 

identification of varieties in several crop plants (Khan, 2013). 

2.5 2D- PAGE 
~ 

Based on Wittmann et al., (2007), Two- dimensional polyacrylamide gel electrophoresis (2D 

PAGE) is able to sort up to 10, 000 protein species from large sets of complex protein 

mixtures in a single run. As of its name, this electrophoresis have first dimension and two 

dimension protein separation. Hence it is done vertical and horizontally practice. In the first 

dimension, proteins are separated based on differences in isoelectric point (pl) value using 

isoelectric focusing. Isoelectric focusing (IEF) separates proteins by their net charge rather 

than molecular weight. IEF gels are cast with ampholytes, amphoteric molecules that generate 

a pH gradient across the gels. Proteins migrate to their pl, the pH at which the protein has no 

net charge. Since IEF gels contain no denaturing agents, IEF is performed under native 

conditions (Hegyi et al., 2013). 

In the second dimension, they are separated by the molecular weight. 

Following separation, staining of 2- D electrophoresis gel is done of protein visualization and 

analysis. This techniques help to catalog proteins and compare the data among researchers. 

2D- PAGE is the combine of two electrophoresis methods which are the SDS - PAGE and 

isoelectric focusing. Hence, this technique is very effective since the combined consecutive 

separation steps rely on absolutely independent physicochemical properties. Since, separation 

based on single property will separated some components but others will remain in the 

mixture. In both primary and figurative sense, the sample is separated in one dimension. The 
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components are separated along a single line in the pnmary sense, while separation is 

according to pl value in the figurative sense (Hegyi et al., 2013) 
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