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Abstract
The mutations are genetic changes in the genome sequences and have a significant role in biotechnology, genetics, 
and molecular biology even to find out the genome sequences of a cell DNA along with the viral RNA sequencing. The 
mutations are the alterations in DNA that may be natural or spontaneous and induced due to biochemical reactions 
or radiations which damage cell DNA. There is another cause of mutations which is known as transposons or 
jumping genes which can change their position in the genome during meiosis or DNA replication. The transposable 
elements can induce by self in the genome due to cellular and molecular mechanisms including hypermutation 
which caused the localization of transposable elements to move within the genome. The use of induced mutations 
for studying the mutagenesis in crop plants is very common as well as a promising method for screening crop 
plants with new and enhanced traits for the improvement of yield and production. The utilization of insertional 
mutations through transposons or jumping genes usually generates stable mutant alleles which are mostly tagged 
for the presence or absence of jumping genes or transposable elements. The transposable elements may be used 
for the identification of mutated genes in crop plants and even for the stable insertion of transposable elements in 
mutated crop plants. The guanine nucleotide-binding (GTP) proteins have an important role in inducing tolerance 
in rice plants to combat abiotic stress conditions.
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Resumo
Mutações são alterações genéticas nas sequências do genoma e têm papel significativo na biotecnologia, genética 
e biologia molecular, até mesmo para descobrir as sequências do genoma de um DNA celular junto com o 
sequenciamento do RNA viral. As mutações são alterações no DNA que podem ser naturais ou espontâneas e 
induzidas devido a reações bioquímicas ou radiações que danificam o DNA celular. Há outra causa de mutações, 
conhecida como transposons ou genes saltadores, que podem mudar sua posição no genoma durante a meiose ou 
a replicação do DNA. Os elementos transponíveis podem induzir por si próprios no genoma devido a mecanismos 
celulares e moleculares, incluindo hipermutação que causou a localização dos elementos transponíveis para se 
moverem dentro do genoma. O uso de mutações induzidas para estudar a mutagênese em plantas cultivadas é 
muito comum, bem como um método promissor para a triagem de plantas cultivadas com características novas e 
aprimoradas para a melhoria da produtividade e da produção. A utilização de mutações de inserção por meio de 
transposons ou genes saltadores geralmente gera alelos mutantes estáveis ​​que são marcados quanto à presença 
ou ausência de genes saltadores ou elementos transponíveis. Os elementos transponíveis podem ser usados ​​
para a identificação de genes mutados em plantas de cultivo e até mesmo para a inserção estável de elementos 
transponíveis em plantas de cultivo mutadas. As proteínas de ligação ao nucleotídeo guanina (GTP) têm papel 
importante na indução de tolerância em plantas de arroz para combater as condições de estresse abiótico.

Palavras-chave: proteínas GTP, arroz, mutações, transposons, alelos, sequenciamento de genes.
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3.1% of the value-added in agriculture which improve the 
economy of Pakistan (Chandlee, 1990; Enoki et al., 1999). 
About 47% population of Pakistan is considered as food 
insecure (Khush, 1997; Kikuchi et al., 2003).

Rice is a monocot semi-aquatic annual grass plant 
belongs to genus Oryza and family Poaceae (Bhatt and 
Dean, 1992; Camacho et al., 2003). There are 22 wild taxa 
in Oryza genus in which two species are very important for 
human consumption i.e. Oryza sativa L. also known as the 
Asian rice as well as the Oryza glaberrima Steud which is 
also known as African rice. There are further divisions in 
Oryza species i.e. Oryza officinalis, Oryza ridelyi and Oryza 
rufipogon (Jiang et al.,, 2003; Jiang et al., 2004). From 22 wild 
species of Oryza, fifteen were originated in Asia while seven 
in Sub-Saharan Africa (Turcotte et al., 2001; Wang et al., 
2005). Wild species of Oryza carries specific characters like 
biotic and abiotic stress resistance, and these genes are very 
useful in interspecific rice breeding programs (Ahmad et al., 
2021; Ali and Malik 2021; Yousef et al., 2020). Oryza sativa 
was firstly produced in Southeast Asia and now mainly 
produced in all rice growing regions of the world except 
Antarctica like in Europe, Africa, Middle East and America. 
On the other hand, O. glaberrima has no subspecies and is 
only cultivated in Africa (Balqees et al., 2020; Bashir et al., 
2020; Dufresne et al., 2008). It has various useful genetic 
characters such as grain shattering resistance, lodging 
and drought tolerance, blast and nematode resistance. 
But it has lower grain yield potential; hence, it is rapidly 
replaced by O. Sativa (Bishop et al., 1996; Chin et al., 1999; 
Chopra et al., 1999).

The cultivated Oryza varieties have been categorized into 
three ecotypes; Javanica, Japonica and Indica. Indica was 
adapted in tropics and sub-tropics regions of Asia. Javanica 
cultivated in Indonesia, Philippines and Madagascar hilly 
regions while the temperate regions of Korea, Northern 
China and Japan are covered by Japonica. Both Japonica 
and Indica varieties are cultivated in Pakistan (Chin et al., 
1999; Emmanuel and Levy, 2002).

Probably, the world population has been expected to 
increase 10 billion people and the population of Pakistan 
is expected to increase 208 million to 270 million people 
by 2050, which will increase the need of rice demands 
(Balqees et al., 2020; Bashir et al., 2020; Kim et al., 1987). 
However, the world rice production is increasing but 
this increase is not relative to the demand of growing 
human population. About 70% production increase has 
to be gained to fulfill the need of increasing population 
in the next 30 years (Komatsu et al., 2003; Koonin and 
Galperin 2002). The first choice or way is to increase the 
area under rice cultivation, which is seem to get difficult as 
the agricultural land is being changed in to living colonies 
and societies in most of the progressive countries. So, 
high yielding, abiotic and biotic resistance rice varieties 
should have to be developed to increase the yield of 
rice by adopting molecular breeding approaches. Thus, 
the increasing of yield in rice may take part in hunger 
annihilation, food security, poverty reduction as well as 
the financial improvement throughout the entire world 
(Masood et al., 2020; Nawaz et al., 2020; Shafique et al., 
2020a, b).

1. Introduction

Rice grains are the most essential among the cereal 
crops that is consumed by over half of the humans 
(Schwarz‑Sommer et al., 1985). Globally, it is an important 
source of energy in diet of almost 3 billion people that 
becomes 35–75% calories intake per day (Takano et al., 
2001). The cultivation of rice has covered the area of 
153 million hectares which is almost 11% of the whole 
world cultivated lands and the average annual yield is 
480 million metric tons (Pocketbook 2015). It is mainly 
cultivated in tropical and subtropical areas of the world. 
There are more than 114 rice growing countries in the world. 
About 90% of the world’s rice is grown and consumed in 
Asia (May and Martienssen 2003). China, India, Pakistan, 
Bangladesh, Thailand, Vietnams and Philippines are the 
major rice growing and consuming countries of the world 
(Miyao et al., 2007). The importance of rice can be seen 
throughout the world from fact that The United Nations 
acknowledged 2004 “the year of rice” (Speulman et al., 
2000).

Rice is a rich source of nutrients that are essential in our 
diet. It contains modest protein contents but in nutritional 
quality it ranks high among cereals. It provides around 
21% for human per capita energy as well as 15% of per 
capita protein, worldwide (Lin et al., 2006). It contains 77% 
carbohydrates (Feschotte et al., 2002). The protein quality 
of rice is superior to wheat but per hectare production 
of wheat protein is higher than that of rice (Wang et al., 
2005). Rice is a cheap source for fibers, vitamins and 
minerals like thiamin, riboflavin, niacin, zinc, phosphorus, 
copper and magnesium. As compared to other cereals, rice 
has special gluten protein composed of a stable amino 
acid sequence (Agrawal et al., 2001). The grain of rice is 
also called as caryopsis which is one-seeded natural dry 
product, which has pericarp incorporated with seed coat of 
grain. The essential part of the rice grain is husk, pericarp, 
endosperm and fetus (Luck et al., 1998). Short-grain rice 
contains more starch and cooks softer than long-grain rice. 
In many countries, rice straw and bran are used as animal 
feed. Resistant starch is also present in rice, keeping the 
bowel healthy because it remains undigested and helpful 
in the growth of beneficial bacteria (Kuromori et al., 2009).

In Pakistan, rice is a significant cash crop, as it covers 
52% area of the total cultivated area of rice in Pakistan. 
It accounts for almost two million tons to our food 
requirements and is a significant source of revenue 
generation of rural households (Chin et al., 1999). Among 
most of the important rice varieties of rice, mainly “Basmati” 
is most popular for its grain length and aromatic properties 
throughout the whole world (Chuck et al.,, 1993). Rice is 
mostly cultivated in two provinces in Pakistan i.e. Punjab 
and Sindh. These two regions account over 88% of all rice 
production (Dias et al., 2008). Gujranwala, Sialkot, Narowal, 
Sheikhupura, Lahore, Khairpur, Nawabshah, Sukkhur and 
Hyderabad are well-known regions of rice cultivation 
in Pakistan. Production and cultivated area of rice has 
increased to seven thousand tons and 2,899 thousand 
hectares during 2017-18 than the previous years. Pakistan 
earns 13% of country’s foreign exchange from rice export. 
0.6% of Pakistan’s GDP is covered by production of Rice and 
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Oryza sativa is a diploid (2n+2x=24) monocotyledon 
cereal plant while some wild species of Oryza are tetraploid 
(2n=48). The basic chromosome number of all species of 
Oryza is n=12. The genome of rice is completely sequenced 
after dicotyledon Arabidopsis thaliana and hence become the 
second plant species whose genome has been sequenced 
(Kolesnik et al., 2004; Komatsu et al., 2003; Naito et al., 
2009). Rice is the model cereal plant due to its smaller 
genome size 389 Mb and 32,000 to 50,000 are predicted 
genes (Goff et al., 2002). There are some important factors 
that attract scientists to utilize rice as an excellent plant 
genomic system, both in sense of studying the gene 
expression, functional genomics and sequencing which 
make rice a model plant species such important factors 
are: the construction of high-density physical and genetic 
maps, the establishment for highly efficient and cheap 
genetic manipulation system as well as high-syntenic 
relationships with other cereal crop genomes (Greco et al., 
2001; Haseeb et al., 2020). Sequencing of the rice genome 
opened a gateway in plant biology research that increases 
the importance of plant biotechnology. Rice germplasm 
is a rich reservoir of valuable genes (Fitzmaurice et al., 
1992; Fujino et al., 2005; Ghafoor et al., 2020). A unique 
opportunity has been developed to identify and functionally 
characterize the genes that were involved in biochemical 
pathways responsible for abiotic and biotic stress resistance, 
consumer quality and agronomic performance. Oryza 
germplasm is a vital source of interspecific rice breeding, 
hence, significantly contributes to world food security 
(Harris, 2002; Hirochika, 1997; Hirochika et al., 2001).

To improve the crop production, there is need to study 
the basic genome statistics; therefore rice is developed 
as an exemplary system to explain the importance of 
information evolving from basic genome. An important 
aspect of studying genome science is to understand the 
basic information about genes and pathways that is learned 
by studying that one specie can eagerly be transmitted to 
another specie. Now-a-days, geneticists are mostly trained 
to conclude the information about what an individual gene 
of a model species do that are perceived in controlled 
environment; this helps to understand and study the 
behavior of homologous genes in complex crop genome of 
interrelated field environment. As a consequence, the study 
of rice genomics assures to understand the major insights 
into the genetic functional and structural importance 
of genes in many other crop species (Hsing et al., 2007; 
Huang et al., 2009; Iqbal et al., 2021; Iqra et al., 2020).

Complete genome sequence of both japonica and indica 
subspecies of rice have been released but the experimental 
studies of many functional genes in rice genome have not 
completed yet (Izawa et al., 1997; James Junior et al., 1995). 
One of the most challenging goals is now to examining 
the functioning of large number of genes. Description of 
some particular genes has revealed that many intermediate 
elements in developmental pathways, predominantly 
proteins which act in signal transduction pathways remain 
highly conserved. The G protein is incredible example of 
this that are also called molecular switches. These proteins 
function by means of conformational changes that occur 
due to the binding and hydrolysis of GTP through intrinsic 
activities (Ipek and Simon, 2002; Kaeppler et al., 2000).

One of the most significant proteins for all organisms 
is GTP-binding proteins which are different in eukaryotes 
and prokaryotes (Ishikawa et al., 2005; Jiang et al., 2003; 
Mathieu  et  al., 2009). These proteins are also termed 
as GTPases or G-proteins. It is found throughout all the 
domains of life which acts as a molecular switch that is 
“activated” by GTP molecule and “inactivated” by the 
hydrolysis of GTP molecule to GDP. It controls various 
cellular processes, for example reorganization of the 
cellular cytoskeleton, signal transduction, translation 
and regulation of transcription, vesicle trafficking and 
protein transport in the cell (Kumar and Hirochika 2001; 
Luck et al., 1998). All G-proteins have well-conserved motifs, 
G1, G2, G3, G4 and G5. These elements are very essential 
for the conversion of GDP/GTP, for GTP hydrolysis and GTP 
conformational change. G2 pattern is highly maintained 
in G-protein family and does not play any role in GDP/GTP 
exchange activity (Luo et al., 1991; Martienssen, 1998).

The superfamily of GTPases has been divided into four 
subfamilies: the heterotrimeric GTPases, small GTP binding 
proteins (Ras-like GTP-binding proteins), unique bacterial 
GTPases as well as translation factors (Aarts et al., 1993; 
Akram et al., 2021; Bazopoulou and Tavernarakis, 2009; 
Bhatt and Dean 1992). The binding of GTP induces changes 
in the proteins that permits communication with effector 
molecule, while the GDP bound state is inactive. In small 
GTPases, the conversion of GTP to GDP-bound state and 
GDP to GTP is usually regulated through two proteins: GDS 
(guanosine nucleotide dissociation stimulator) and GAP 
(GTPase activator). The GDS speed ups the replacement 
of GDP to GTPase as well as GTP activator increases 
GTP hydrolysis (Chandlee 1990; Chin  et  al.,1999). The 
heterotrimeric GTP binding proteins consist of three 
subunits, α, β and γ. These proteins together interface 
between elicitor systems and seven transmembrane 
segment receptors. Individually these heterotrimeric 
G-protein subunits interact with one seven transmembrane 
segment receptor and one elicitor system. The subunit 
(35-55 kDa) has GTPase binding site and the capability 
to hydrolyze GTP. The β (40 kDa) and the γ subunits are 
mostly isolated as a stable compound (Ali et al., 2020; 
Craciun et al., 2000; Fitzmaurice et al., 1992).

The small GTPase superclass may be divided into 
two large classes on the basis of their structure and 
arrangement: 1) SIMIBI class (the signal recognition 
particle) and 2) TRAFAC class (the translation factors). The 
SIMIBI class is involved in membrane transport activity, 
localization of proteins, a set of metabolic enzymes with 
phosphate transferase activity or kinase activity and 
in splitting of chromosomes (Fujino  et  al., 2005; Goff, 
1999; Kaneko et al., 2004). On the contrary, the TRAFAC 
(translation factors) class that belongs to the P-loop 
GTPases, is a unique group of G-proteins. It is primarily 
identified by analyzing completely sequenced bacterial 
genomes and it includes proteins that are involved in cell 
motility and translation. The TRAFAC (translation factor) 
class is sub-divided into seven families: Era, OBG, YihA, 
TrmE, Hflx, YfgK and classic translation factor family 
(Turcotte et al., 2001; Walbot, 1992).

A Ras-like protein known as Era, was primarily found 
in E. coli and so termed as E. coli Ras-like protein (Era). Era 
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has two conserved domains: the K Homology (KH) domain, 
which binds to the E. coli 30S ribosomal subunits and the 
16S rRNA and the GTPase domain, which is homologous to 
RAS and belonging to the TRAFAC class (Izawa et al., 1997; 
Takano et al., 2001; Yu et al., 2002). These proteins have 
low GTP hydrolysis activity and consisted of 316 amino 
acids. Era is necessary for cell division (Jeon and An 
2001; Jiang and Ramachandran, 2010), cell growth and 
viability (Kaneko et al., 2004; Khush, 1997), and pleiotropic 
processes involving adaptation to thermal stress, carbon 
metabolism and fatty acid metabolism (Balqees  et  al., 
2020; Bashir et al., 2020; Kempin et al., 1997). It is highly 
conserved in prokaryotes and eukaryotes. Era-like GTPase 
is found in dividing or metabolically active cells. It was 
firstly found in Antirrhinum majus plant. Research on 
DNA proposes that homologous arrangements with Era 
exist in several organisms including Antirrhinum majus, 
Caenorhabditis elegans, Drosophila, mouse, and human. In 
humans, EraL1 is the Era-like homolog (Farooq et al., 2021; 
Feschotte et al., 2002; Grandbastien, 1998).

By Immune-electron microscopy and subcellular 
fractionation the structure of Era is known; providing the 
evidence that Era is a peripheral membrane protein that is 
confined at the cytoplasmic surface of the inner membrane. 
However, it is not known yet that if Era interacts directly 
with the membrane or whether it plays a role as a GTPase 
involved in membrane signaling in a consistent manner. 
The physical function of eukaryotic Era-like GTPase is not 
known yet (Ueki and Nishii, 2008; Villalba et al., 2001).

2. Rice as a model cereal genome

Rice contain vulnerable features such as its small 
genome size (Tyagi and Mohanty, 2000), high efficient 
transformation technology (Speulman  et  al., 2000), 
commonly found resources of germplasm (Tyagi and 
Mohanty, 2000) and precise genome sequence due to 
its co-linearity with the sequences of other cereal crops 
(Yuan-Yuan and Zhang, 2006). These features have made 
Rice a model plant to study the functional genomics in 
monocotyledons (Tomita and Tanisaka, 2010; Wessler, 
1989). The genome of rice is 3.5 times the size of the 
Arabidopsis genome (Terada et al., 2002; Wu et al., 2005). 
Rice, like other cereals, also has a GC-rich genome. All 
cultivated species of Oryza sativa have a diploid AA genome 
while the wild species are either allotetraploids or diploid 
with CC, BB, EE, CCDD or BBCC genomes (Steiner‑Lange et al., 
2001; van Enckevort et al., 2005). It is rich with germplasm 
resources, which is including artificially modified and 
naturally occurring germplasms (Hsing  et  al., 2007; 
Takano et al., 2001).

Many confusions were made in scientist community 
like genome of rice have competing annotations (James 
Junior et al., 1995; Jiang et al., 2003), which were resolved 
latter on through a single united annotation (Jiang et al., 
2004; Kaneko  et  al., 2004). The complete sequencing 
of rice genome and numerous series of elucidation 
have delivered a basic understanding of genetic and 
molecular studies (Goff et al., 2002; Huang et al., 2009). 
Wide‑ranging studies of rice genome and transcriptomics 

have been conducted to fulfill the increasing demand of 
food supplies (Hirochika et al., 2001; Komatsu et al., 2003; 
Koncz et al., 1989).

Future aims and approaches for rice have been designed 
and planned through the experience got from other model 
organisms, to illustrate the structure and biological function 
of genome in tissues and organs (Jeon and An, 2001; Kumar 
and Hirochika, 2001). Classification of the genes and their 
regulatory pathways are referred by the understanding 
of functional genomics for an agronomical important 
trait. After the classification of involved components, the 
whole process of gene regulation for related trait can be 
identified and assimilated to understand the functions 
of genome of complex trait which is very valuable in the 
practical implementation of rice genomic breeding (Larkin 
and Scowcroft, 1981; Walbot 2000).

Several researches provided evidence for syntenic 
relationship between rice and other cereals, which led 
to the suggestion that cereal genomes could be studied 
as a single genome (Takano et al., 2001; Wessler, 1989). 
However, the difference is present among cereal genomes 
at the level of genes collinearity (Saika  et  al., 2005; 
Tsugane et al., 2006). Still, the rice genome serves as a 
model system for determining how genes interact in 
controlling complex traits in plants (Proels and Roitsch, 
2006; Sato et al., 1999). Complete genome sequence analysis 
of rice leads towards the gene prediction and analysis, 
although the function of genes can be identified which 
further requires precise tools for annotation. Different 
gene-prediction tools are available, no single program 
is completely accurate (Ross-Macdonald  et  al., 1999; 
Speulman et al., 2000; Tahir et al., 2020). The accuracy 
and preciseness of rice genome annotation have increased 
and furthermore, Full length rice cDNA is also available 
for more studies (Luck et al., 1998; Mathieu et al., 2009; 
McClintock, 1951). The advancement in high throughput 
genomic technologies has provided enormous quantity of 
sequence information about rice plant in different DNA 
databases e.g. EMBL, DDBJ and Genbank (Muqadas et al., 
2020; Murai et al., 1991; Nakagawa et al., 2000). It has 
been reported that during eighties in Japan, the mapping 
population of the Rice Genome Programme was developed, 
which is the result of a combination of Japanese variety 
Nipponbare with an indica variety Kasalath (Chopra et al., 
1999; Dias et al., 2008).

3. Functional genomics studies of rice and its scope

Improvement of rice is the main aim of the scientific 
community. Many core papers have revealed that the more 
research of rice genome can improve the yield of rice. 
Due to latest studies, the number of molecular markers 
was greatly increased and the physical sequence was 
understood and immediacy to annotated genes was in 
predicting the association of gene characteristics. In part, 
this is due to the decrease in the cost of DNA sequencing, 
which allows scientists to re-sequence the cell nucleotide 
types associated to rice reference genome and additional 
rice accessions (Mazier et al., 2007; McCarty et al., 1989). It 
has been proposed the key role of sequence-based analysis, 
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these analyses are performed to study the variations in both 
wild and cultivated rice in order to investigate and analyze 
genetic variation. In order to fulfill the growing demand of 
food all over the world, Rice scientists produced a special 
variety known as “Green Super Rice” by understanding the 
molecular and genetic basis for important traits such as 
Phosphorus and Nitrogen (Miyao et al., 2007; Naito et al., 
2009; Nakagawa et al., 2000). In Rice, the total number 
of loci is 56,797 in which 40,577 loci are non-TE loci that 
encode 50,939 gene models while on the other hand 
16,220 loci are TE loci that encode for 16,454 genes models 
(Jiang and Ramachandran, 2010). The reference genome 
is also used to search the variations that are present in 
genome of whole Oryza genus (Javied et al., 2021; Larkin 
and Scowcroft, 1981; Lin et al., 2006; Luck et al., 1998) 
and furthermore, to explore their variants having closed 
homology to rice variety commonly cultivated worldwide 
(AA genome species) (Luo  et  al., 1991; Martienssen, 
1998; Schwartz  et  al., 1998). International Oryza Map 
Alignment Project had provided many sources for the 
above explorations (Sazuka et al., 2005; Schneider et al., 
2005; Suzuki et al., 2001).

The general objective of research on the functional 
genomics of rice is to understand how the genome functions 
to produce phenotype, by translating the information 
preserved in the sequences, including genes and regulatory 
elements at the whole genome level. The use of discoveries 
for the genetic improvement of rice is equally important 
that can be a model for other crops.

4. Genes controlling traits and their characteristics 
in rice

Wide relative mapping has interpreted that gene order 
is basically conserved among rice and other cultivated 
cereals chromosomes, thus allowing one to firstly isolate 
an important gene in rice and then to use it as a probe to 
isolate the homologues genes in other cereals (Qu et al., 
2009; Schmidt  et  al., 1987). Information about rice 
sequence can be used to enrich large genomic cereals 
with additional molecular markers which facilitate 
cloning of genes for important characters. Interpreting 
the rice genome sequence is a simple task because 
the sequencing procedures are now well established, 
effective and precise. However, the sequence is not the 
end and the most important task is to allocate a function 
to each gene, to identify the exon/intron structure and 
to annotate the sequence of each gene (Terryn  et  al., 
1993). Several large blocks of tandem sequence repeats 
have been elaborated as well as assigned later on to the 
subtelomeric regions (Emmanuel and Levy, 2002). Several 
types of retrotransposable elements have been reported 
in rice (Saika et al., 2005). It has been reported Copia and 
Gypsy types and described the nested structures of both 
retrotransposons (Yamaguchi et al., 2006; Youssefian et al., 
1993a). Numerous variants of transposable elements were 
discovered such as MITES (miniature inverted transposable 
elements), CACTA-like, En/Spm and Mariner-like. In an 
experiment, 73,000 BAC ends (Komatsu et al., 2003; Ma, 
1994) and he found that 6,848 out of 73,000 similar to 

transposable elements in which retroelements were 
88%. Identification of important genes and finding of the 
function to every gene was a massive initiative. One of 
the main task is to increase the yield of Rice by working 
on its genome sequence.

Cloning of the Xa-21 resistance gene were accomplished 
by the libraries of BAC (Bacterial artificial chromosome) 
(Ashikari et al., 1999; Youssefian et al., 1993a). Through 
using the process of gene saturation in which target regions 
of gene of interest identified with different markers like EST, 
AFLP and RAPD etc. A very significant gene Xanthomonas 
campestris pv. Oryzae resistant gene also known as Xa21 
was first cloned, (Ashikari et al., 1999; Sano et al., 1994). 
Pi-b and Pi-ta2 genes have been cloned and characterized 
which is responsible for the resistance to specific races of 
the rice blast agent, the fungus Magnaporthe grisea. Peng 
and his colleagues identified important traits such as semi 
dwarfism, heading date caused by Hd1 gene as a major 
QTL and isolated by positional cloning (Peng et al., 2017).

Chao and Avruch described that the functional 
characterization of important genes is possible through a 
process in which homologues of known genes were isolated 
and over-expressed ectopically (Chao and Avruch 2019). 
Furthermore, it promotes the characterization of several 
vital genes: OsRac1 and another gene that encodes a CDPK 
which is responsible for the tolerance against salt and cold 
(Charng et al., 2004), heme oxygenase (HO) gene responsible 
for the regulation of photoperiodic (Agrawal  et  al., 
2001), MADS box genes that have important role in the 
development (Terryn et al., 1993), gene responsible for 
the control of cell death (Newman et al., 2015). More than 
300 imprinted candidates were first recognized (Yuan-Yuan 
and Zhang 2006) in rice. Recently, the characterization and 
cloning of several genes are performing due to the presence 
of similarity to other species such as Arabidopsis known 
genes. Although, they contain very limited functional 
characterization.

Rice transformation, an essential tool for reverse 
genetics, has also made tremendous progress during 
the last 10 years. The first transgenic rice was obtained 
in 1988 through plasmid uptake of protoplasts. 
Agrobacterium tumefaciens and gene gun were successfully 
used to transform different types of rice in 1991 
(Akram et al., 2021; Javied et al., 2021; Yamaguchi et al., 
2006). Transformation not only works as a laboratory tool, 
nevertheless in many countries trails are being conducted 
to provide various improvements for nutritional value 
or disease resistance. With the rapid advancement of 
functional genomics technologies, important genes have 
been cloned which control main agronomic traits and 
their biological functions have also been characterized 
(Schneider et al., 2005; Takano et al., 2001).

The oldest method for gene isolation is map-based 
cloning. It has been widely used in the isolation of rice 
gene, generally for detecting natural mutations of traits 
that are agriculturally useful (Sato et al., 1999; Takagi et al., 
2007). Single Nucleotide Polymorphisms (SNP)-based 
ultrahigh-density linkage maps are being constructed 
through new sequencing technology (Yuen et al., 2015), 
due to which the firmness and accuracy of mapping for 
quantitative trait loci has significantly been improved (van 
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Houwelingen et al., 1999; Wessler, 1989). Insertional mutant 
libraries use both forward and reverse genetic methods and 
have become a main source of gene cloning (Huang et al., 
2009). Forward genetic approach causes the screening 
of insertion lines by phenotype, co-segregation between 
the phenotype and the insertion of T-DNA is examined. 
The phenotypic effect of the gene is further confirmed by 
performing a complementation test (Hirochika et al., 1996; 
Kuromori et al., 2009). While in reverse genetic approach, 
the FSTs of the mutant databases are examined of the 
selected gene and the mutant attained is then analyzed 
for a phenotype. The main need of cloning genes is the 
functional characterization of genes that show variance 
expressions mostly from microarray analyses, e.g; 
treatment with abiotic stresses. The differentially expressed 
genes are subjected to knocking-out, over‑expression 
and knocking‑down. The phenotypic effects of these 
differentially expressed genes have also been analyzed 
(Koch et al., 2017; Kumar et al., 2020).

5. Genetic control for yield improvement

Grain yield is a complex trait determined by three 
major components: grain weight, number of grains per 
panicle and number of panicles per plant (Wang et al., 
2015). The yield component traits of rice yield and their 
primary biological functions, and prepared a list of genes 
which have potential ability for yield improvement and 
highlighted some new advancement in identification of 
yield genes (Jiang and Ramachandran 2010). The number of 
tillers has increased significantly due to the over-expression 
of mRNA156, but the panicle size in rice has decreased 
(Kaeppler et al., 2000; Yu et al., 2002). OsSPL14, a target 
of miRNA156, is responsible for the architecture of the 
plant by controlling QTL IPA1 (Chen et al., 2015) OsSPL14 
gene is highly expressed in the primordia of primary 
and secondary branches and in the shoot apex, which 
reduces the tiller number and supports panicle branching 
(Li et al., 2015). The pleiotropic effects on heading date, 
grain yield and plant height are conferred due to a QTL 
i.e.; DTH8 (Yuan-Yuan and Zhang, 2006; Yuen et al., 2015). 
The expression of MOC1 gene is also increased by DTH8 
which is also tangled in the growth of panicle branching 
(Shan et al., 2015; Shi et al., 2017). The pleiotropic effect of 
Ghd7 and Ghd8 which encodes HAP2 and HAP3 subunits 
respectively and also showed that HAP proteins act as DNA 
binding proteins usually by building HAP2/HAP3/HAP5 
trimeric complex.

6. Genetic resistances for biotic stresses

Rice as a crop can be severely damaged by many 
diseases and pests. Rice yields are significantly improved 
by the cloning of disease resistant genes. About 40 genes 
for bacterial blight resistance while 48 genes for blast 
resistance have been cloned and their functions have 
been characterized (Yuan-Yuan and Zhang, 2006). The 
first isolated gene was Xa21 gene encoding a receptor-like 
kinase. This gene endowed resistance to a wide range of 

different bacterial blight pathogen (Ahmad et al., 2021; 
Ali et al., 2020; van Houwelingen et al., 1999; Yousef et al., 
2020). A gene known as Xa13 gene provides resistance 
to a specific bacterial blight pathogen strain known as 
PXO99 strain (Chandlee 1990; Chen et al., 2015). While the 
expression of wild-type Xa13 is necessary for inhibiting 
bacterial growth and enhancing the pollen development 
(Pinson et al., 2015). The first blast resistance gene isolated 
from rice was Pib. Pib belongs to R gene family. This gene 
translates the protein containing NBS-LRR structure 
(He et al., 1999; Xu et al., 2006). Almost all blast resistant 
genes consist of this structure. It has been characterized 
an important brown plant hopper resistance gene Bph14 
which encodes a coiled-coiled, nucleotide-binding and 
leucine-rich repeat protein. Bph14 gene product activates 
the signaling pathway of salicylic acid which is similar to 
defense response regulated by disease resistance genes 
(Du et al., 2009, 2013).

7. Genetic resistances abiotic stress

Some of the major abiotic stresses that limit rice 
production are salinity, heat, drought & cold etc. 
(Balqees  et  al., 2020; Haseeb  et  al., 2020; Tyagi and 
Mohanty 2000). To improve resistance for abiotic stress 
many genes have been identified by recent advancements. 
Above 100 rice genes have been identified that have shown 
several degrees of resistance to abiotic stress including 
five QLTs (Villalba  et al., 2001; Wang  et al., 2015). The 
over expression of some genes have been observed which 
shown resistance to various abiotic stresses. For Example, 
OsCIPK03, OsCIPK15 and OsCIPK12 over expression notably 
enhanced tolerance to drought, salt and cold stresses 
respectively (Xu et al., 2006). Similarly, over expression of 
OsCDPK7 improved resistance to drought and salt while 
over expression of OsCDPK13 significantly developed 
tolerance to cold (Dufresne et al., 2008; Farooq et al., 2021). 
OsSIK1 gene which is a presumed receptor-like kinase 
acts as a positive regulator in tolerance to salt stress and 
drought stress (Ahmad et al., 2021; Ali et al., 2020). DSM1 
is a drought sensitive mutant induced by salt, abscisic acid 
(ABA), and drought encodes a putative MAPK kinase. The 
analysis of over expression of T-DNA insertion mutant 
dsm1 and DSM1 described that DSM1 has a positive 
effect on stress resistance (Fujino et al., 2005). Numerous 
transcriptional factors have also been identified as stress 
resistant (He  et  al., 1999; Huang  et  al., 2009). Calcium 
is also involved in stress signaling (Ahmad et al., 2021; 
Ghafoor et al., 2020).

Microarray analysis of cDNA showed that after drought 
stress SNAC1 gene expression was significantly produced in 
IRAT109 rice cultivar (Goff, 1999). It also showed that SNAC1 
gene over expression increased drought tolerance without 
affecting agronomic performance at the reproductive stage 
of rice. Constitutive over expression of SNAC2 and OsNAC6 
reduced plant growth, but increased resistance to cold, salt 
and drought stress in rice (Takasaki et al., 2010). Under 
drought stress, over expression of root specific OsNAC10 
enhanced grain yield and improved drought tolerance in 
rice (Krasensky and Jonak, 2012). The over expression of 
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OsbZIP23 greatly increased resistance to salt and drought 
stress and also increased sensitivity to ABA (Xiang et al., 
2008). Members of zinc finger, MYB and AP2 families 
have also played regulatory roles in stress responses in 
rice (Xing et al., 2021).

In stress response, phyto-hormones like ethylene, auxin 
and ABA play significant roles. Zeaxanthin, is a precursor 
of ABA encoded by dsm2 gene, a putative β-carotene 
hydroxylase. The over expression of DSM2 has resulted in 
a significant increase in tolerance to drought and oxidative 
stress. ABA levels were significantly decreased in the 
dsm2 mutant after drought stress compared with wild 
type (Du et al., 2009). SNORKEL1, SNORKEL2 and Sub1A 
genes encode conferring resistance in rice (Hattori et al., 
2009). A set of AP2/ERF family transcriptional factors was 
linked with the Sub1A-1-mediated submergence response 
(Mizoi  et  al., 2012). TLD1 encodes Indole-3-acetic acid 
(IAA)-amino synthetase that binds amino acids with IAA. 
Drought resistance is also improved by Gain-of-function 
mutant tld1-D (Zhang et al., 2009). Ren and his colleagues 
showed that SKC1 a QTL regulating salt tolerance gene, 
encode a high affinity HKT-type K+ transporters. An 
unknown protein encoded by qLTG3-1 controls germ 
inability in low-temperature (Ren  et  al., 2005). During 
seed germination, QLTG3-1 is expressed in the embryo 
and can help weaken embryonic tissue to aid germination 
(Fujino et al., 2008). A protein known as F-box protein is 
encoded by a cold tolerant QTL Ctb1. This F-box protein 
signifies association of the ubiquitin-proteasome pathway 
in cold tolerance by interacting with Skp1 in vitro (Kishi 
and Yamao, 1998). Several tests have been conducted 
using well-defined protocols under normal conditions in 
normal genetic background on formerly identified genes 
(Ahmad et al., 2021; Bashir et al., 2020).

8. Genetic of nutrient-use efficiency

Effective use of phosphorus and nitrogen nutrients has 
been one of the most essential targets of rice’s genetic 
improvement (Zhang et al., 2009). Attempts were also made 
to recognize genes for the use of nutrients in rice and to 
regulate their consumption efficiency. For plant growth and 
development, nitrogen is an important and growth‑limiting 
macronutrient. Two enzymes, glutamate synthase and 
glutamine synthetase integrate inorganic nitrogen into 
organic molecules (Stewart et al., 1980). Under anaerobic 
conditions, GS plays an important role for rice nitrogen 
assimilation and shows great affinity for NH4+ (Xie et al., 
2010). Over expression of glnA increased the number of 
soluble protein in leaves and total nitrogen and amino acid 
contents in the plant, but with decreased grain production. 
Aspartate aminotransferase is a vital enzyme involved in 
carbon and nitrogen metabolism. In seeds, amino acids and 
protein contents significantly increased by over expression 
of EcAAT, OsAAT1 and OsAAT2 (Zhou et al., 2009). Osppc4 
is a plant-type phosphoenolpyruvate carboxylase and 
is targeted to the chloroplast. At the vegetative stage, 
Osppc4 RNAi plants showed stunted growth when grown 
with ammonium as the nitrogen source than with nitrate 
(Masumoto et al., 2010).

Bi and his colleagues identified N-responsive gene 
OsENOD93-1 from whole-genome Gene Chip analysis. 
OsENOD93-1 over expression significantly increased seed 
yield and shoot dry mass. Phosphate is absorbed into the 
roots of the plant through Pi transporters. The inorganic 
phosphate status of the plant can may be regulated by 
controlling or utilizing the activity of Pi transporters. 
An inorganic phosphate transporter OsPT2 is expressed 
favorably in the root stele and has low-affinity (Bi et al., 
2009). Over-expression of OsPT2 brings out excessive 
amount of inorganic phosphate in shoot, on the other 
hand if the expression of OsPT2 is suppressed it reduces 
the transportation and absorption of Pi from roots to 
shoots. Molecular and genetic studies indicated that the 
physical interaction of OsPHO2 in roots and by upstream 
regulation OsPT2 is positively regulated by OsPHR2 
(Charng et al., 2004). The role of OsPHR2 is inhibited by 
OsSPX1 which is regulated by the expression of OsPT2 in 
roots (Liu et al., 1999).

9. Genetic of grain quality

The rice grain quality consists of several attributes: 
cooking quality, eating quality, nutritional quality, milling 
quality, and appearance quality (Zhang  et  al., 2009). 
Eating and cooking quality are mostly determined by 
gel consistency, gelatinization temperature and amylose 
content of the grain starch (Xiang et al., 2008). Wx gene 
encodes granule-bound starch synthase I (GBSS I) which 
is required for the production of amylose in endosperm. 
Du1 gene encodes a pre-mRNA processing (Prp1) protein 
regulating the splicing efficiency of Wx (Cao et al., 2014; 
Zhang et al., 2009). Gelatinization temperature controlled 
by soluble starch synthase II (SSSII) encoded by ALK 
gene (Cao et al., 2014). During early grain filling, cell wall 
invertase enzyme regulates carbon partitioning encoded 
by GIF1 expressed in ovular vascular trace (Wang et al., 
2008). Rice cooking and eating quality is controlled by the 
coordination of 18 starch synthesis-related genes (SSRGs) 
using candidate-gene association analysis approach and 
built a regulatory network underlying these characters 
(Chen et al., 2016).

Fu and Xue identified the genes that controlling 
starch biosynthesis using co-expression approach. 
Type I starch synthesis genes is negatively associated 
with APETALA2/ethylene-responsive element binding 
protein family transcription factor encoded by Rice 
Starch Regulator1 (RSR1) (Fu and Xue 2010). RSR1 gene 
over-expression suppressed the starch production 
genes, whereas in rsr1 mutants the amylose content was 
increased (Wei et al., 2017; Wu et al., 2019). Furthermore, 
RSR1 regulates seed size; yield isolated and characterized 
the genes controlling pericarp color, nutritional quality, 
storage time and rice fragrance. GS3 gene is greatly used in 
breeding for grain size and is an important QTL regulating 
grain length (Ying et al., 2018). Now a full-length cDNAs 
have been constructed for both Japonica and Indica 
rice and cDNA clones are available of about 40,000bp 
full‑length (Liu et al., 1999; Takano et al., 2001). Using whole 
genome microarray analysis gene expression profiling 
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in the complete rice life cycle has been accomplished 
(Kikuchi et al., 2003). Around the world several mutant 
libraries have been constructed by independent groups 
using chemical mutagens, retrotransposon or transposon 
tagging and T-DNA insertions. With the aim of conveying 
every gene’s biological function till 2020, an International 
Rice Functional Genomics Project (IRFGP) has been 
proposed (Zhang et al., 2008).

Globally stated protein profiles of particular tissues can 
be studied due to the accomplishment of the draft sequence 
of the rice genome of two chief cultivars indica‑type cv. and 
japonica-type cv. Nipponbare (Masumoto et al., 2010). In 
the future, the assigning of gene function of most rice 
genes will be the main interest for rice researchers where 
study of proteins at large scale will absolutely play an 
important role. Indeed, considerable progress has been 
made in developing the field of rice proteomics in the last 
decade. Several papers have also been published describing 
characterization and separation of proteins from numerous 
tissues (Gouveia et al., 2019; Lo et al., 2016).

10. GTP-binding proteins

Now the genome projects are enlightening that growing 
number of genes from several different organisms share 
relationships at the basic functional and structural level, 
thus expressing the ‘tinkering’ by which evolution was 
able to produced unique regulatory networks and recruit 
the raw materials to reconstruct new functions. In fact, 
the properties of specific genes have proven that many 
middle elements of the developmental pathways are 
highly conserved, particularly the proteins which act in 
signal transduction pathways. A notable example is the 
timers, molecular switches and GTPases that function by 
conformational changes resulting from the binding and 
hydrolysis of GTP by intrinsic activities (Kaziro et al., 1991; 
Takai et al., 1992). GTP binding proteins are conserved 
regulators of proliferation, cell motility, adhesion, apoptosis, 
polarity and cytoskeletal organization (Bischoff et al., 1999). 
They consists of large family of hydrolytic enzymes that 
can be subdivided into various groups: heterotrimeric 
G-proteins that are involved in hormonal and sensory 
signals, translational GTPases which are involved in 
ribosomal protein synthesis; cytoskeletal motor GTPases 
and tubulins, monomeric GTPases like the Ras superfamily 
which are liable for signal transduction cascades and 
motility, members of the SPR/SR family elaborate the 
translocation of peptides into the endoplasmic reticulum 
(Leipe et al., 2002). These enzymes mainly catalyze the 
alteration of GTP to GDP and inorganic phosphate. This is 
the main biological function of these enzymes (Zhu et al., 
2002). GTP-binding regulatory proteins belong to a large 
family of guanine nucleotide binding proteins. These 
regulatory proteins are found in all eukaryotes. However, 
G proteins have been classified as heterotrimeric or 
monomeric (small) GTPases on the basis of their size and 
composition of subunits (Vernoud et al., 2003).

11. Genes for GTP-protein-signalling in plant genome

The fully sequenced genome of the dicot angiosperm 
Arabidopsis thaliana encodes one gene product, GCR1, 
which has about 20% similarity in short segments 
in its 7TM domain to the cAMP receptor CAR1 of 
Dictyostelium discoideum (Jeon and An, 2001). GCR1 
substantially interrelates with G-subunit GPA1 of the 
plant (Dohlman et al., 1996). The structure of 7TM domain 
has been predicted by enzymes that are encoded by 
fifteen members of an Arabidopsis gene family labelled as 
fungal resistance O (MLO). These enzymes do not share 
arrangements with any other known GPCR. The 7TM domain 
structure has been biochemically confirmed for one MLO 
from oat (Reilly et al., 2021). Researches told that Arabidopsis 
consists of only one canonical GTP gene i.e. GPA1 (Ma, 
1994), the RGA1 in rice (Ishikawa et al., 2005) and other 
diploid angiosperms (Williams and Friedman, 2002). The 
similarity between the sequence of the various mammalian 
G proteins and single plant protein is ~40%. Regardless of 
low sequence identity between human subunits and plant, 
experimentation and modeling strongly support a genuine 
G-protein complex (Klopffleisch et al., 2011; Ullah et al., 
2003). In spite of the apparent simplicity of GTP-binding 
protein signaling elements in plants, GTPases have been 
implicated in many plant phenomena (Jones and Assmann, 
2004). Working with mutants has associated G proteins 
in control of seed germination, ion-channel regulation, 
cell division, light responses (Ouchi  et  al., 2001), cell 
elongation (Jeon and An, 2001; Jones and Assmann, 2004) 
and rejoinders to the gibberellic acid (GA), phytohormones 
abscisic acid (ABA) and auxin (Fujisawa et al., 2001; Jones 
and Assmann, 2004). Pharmacological studies have also 
implicated heterotrimeric GTPases in plant interactions 
with symbiotic bacteria (Kelly and Irving, 2003).

12. Heterotrimeric G-proteins of plants

In plants, the presence of heterotrimeric G proteins was 
not indicated directly but only from indirect evidence; 
for example from kinetic analysis of GTPgS binding to 
microsomes, ribosylation of ADP or from purified plasma 
membranes (Ridley and Hall 1992). Numerous genes 
have been cloned from tomato, Arabidopsis, rice and 
soybean encoding α-subunits of heterotrimeric G proteins 
(Murai et al., 1991; Ren et al., 2005). They encrypt 44-kDa 
proteins of about 380 amino acids with correspondence 
to all known Gα subunits. The anticipated proteins show 
very high homology for non-protein Gα subunits and 
maximum homology to one another (70–87%). For example, 
approximately the 50–75% alike to rat Gi1-3 and bovine 
transducin while about 26–36% identical (Ouchi  et  al., 
2001; Sasaki and Burr, 2000). The cDNA clones from barley 
have been recently isolated in which plant Gα subunits 
have been found while it has not yet been found in other 
well‑characterized animal Gα subclasses (Simon et al., 1991; 
Tezuka et al., 2019). All of the motifs are essential for GTP 
binding, β and γ-subunits binding, are present in the known 
plant Gα-like proteins. In addition, for translocation of Gα 
proteins to membranes an N-terminal site for myristoylation 
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is present and a specific arginine residue for cholera toxin 
mediated ADP ribosylation. These are also present in the 
known plant Gα-like proteins (Hepler and Gilman 1992; 
Simon et al., 1991). β and γ subunits are chief components 
of heterotrimeric G proteins while no plant Gg’s have 
been reported yet. Several genes encrypting Gβ subunits 
isolated from Arabidopsis and maize are approximately 
40% identical to animal and yeast Gβ subunits that encode 
certain proteins (Kaibuchi et al., 1999; Kaziro et al., 1991). 
They contain seven fairly conserved WD40 motifs like that 
similar to other Gβ subunits (Hallam, 1990). An important 
mechanism is provided by Heterotrimeric G-proteins due 
to which a specific signaling cascade is switched on or 
off to translate an incoming signal into a specific cellular 
response (Etienne-Manneville and Hall, 2002). These 
mechanisms consist of a possible regulator of G-protein 
signaling proteins (RGS), the α, β and γ subunits of the 
G protein heterotrimer and heptahelical GPCRs (Ridley et al., 
1992). Two major concepts are revealed by the study of 
these GTPases: The first one is that primarily Gα mediate 
some physiological responses, while others are generally 
mediated by Gβ and Gγ (Parag-Sharma  et  al., 2016). 
Secondly, the main role of a given specific GTP- binding 
protein subunit responses to biotic and abiotic stresses 
and in plant developmental processes can vary in cell-type 
or developmental-stage-specific manner (Nakazaki et al., 
2003; Peng et al., 2017). One GTP mutant can even show 
different phenotypic responses to the similar stimulus, 
depending on the specific cell or tissue under study 
(Ren et al., 2005; Sasaki and Burr, 2000). Over the last few 
years, the diversity of signal transduction through plant G 
proteins has been studied enough and many researches 
are made on it; especially due to the rice and Arabidopsis 
genes identification and mutation that encodes specific 
GTP-binding protein components.

13. The diversity of the small GTP-binding protein 
family

All eukaryotic cells consist of a group of small GTPases 
ranging in molecular mass from 20 to 30 kDa (Huang et al., 
2009). All these proteins have almost similar amino acid 
structure and sequence identity because they are derived 
from a common ancestral gene (Eom et al., 2006). These 
proteins also work as a molecular switch. This facilitates 
the transport of vesicles to their target, transduction of 
signals across membranes and regulating cell proliferation 
(Xing et al., 1997). They bind to GTP and are turned on 
while they are turned off by hydrolyzing GTP to GDP 
(Kiyosue and Shinozaki, 1995). Small GTPases can be 
divided into five subfamilies, on the basis of amino acids 
function and similarity: Rho/Rac, Rab/Ypt, Ras/Ras-like, 
Arf/Sar and Ran/TC4. The subfamily Rho/Rac is involved 
in regulation of growth factor-induced membrane ruffling 
and is confined to cytoskeletal organization (Verma et al., 
1994). The Rab/Ypt family is involved in Identification of Rab 
proteins, vesicular transport, in identification of Ras-like 
gene in yeast (Kaneko et al., 2004; Kikuchi et al., 2003). 
Different genes were isolated by (Pfeffer, 2017), encrypting 
Rab protein. He found that different Rab proteins are 
localized on diverse compartments in the endocytic and 

secretory pathways. Among all Ras is the best defined small 
GTPase. Ras/Ras-like proteins are thought to be involved 
in regulation of cell differentiation, cell growth and signal 
transduction (Kiral et al., 2018). The subfamily Ran/TC4 
is present in the nucleus. These proteins are essential for 
DNA synthesis and transport of proteins into the nucleus. 
Arf/Sar subfamilies are probably 2.60% similar to each 
other, having different functions. Aspenstrom proposed 
that the amino acid sequence of the Arf/Sar proteins are 
distantly related to the Rab/Ypt family (Aspenström, 2019). 
Patino-Medina and his colleagues acknowledged and 
refined ARF as a protein cofactor (Patiño-Medina et al., 
2019). ARF is essential for ADP ribosylation of α subunit 
of heterotrimeric G proteins. It is associated with Golgi 
membranes (Van Acker et al., 2019). Arf is also supposed 
to be involved in the vesicle budding process, which is 
regulated by heterotrimeric G proteins (Bauerfeind and 
Huttner, 1993).

14. Accessory factors associated with small GTP-
binding proteins

All GTP-binding proteins undergo GTP-bound and 
GDP-bound states. This switch is regulated by a number 
of accessory proteins (Bischoff et al., 1999). GAP enzyme 
accelerates GTP hydrolysis by increasing the intrinsic GTPase 
activity linked with GTP-binding proteins; otherwise, the 
GTP hydrolysis rate is very low (Hepler and Gilman, 1992; 
Kiral et al., 2018). GEF mediates the replacement of GDP 
with GTP, causing GTPase to become active. GDI prevents 
the separation of GDP and inhibits the GDP bound form 
of Rab proteins from binding to membranes (Kishi and 
Yamao, 1998; Valle‐Maldonado  et  al., 2020). The GAP 
protein of Ypt6p initiates the GTPase activity of Ypt6p but 
not that of Rab proteins. Muller and his colleagues found 
that Yeast Dss4 protein have GEF activity for Sec4 and its 
mammalian homolog. Mss4 protein has GEF activity for 
Rab3a and Yptlp as well as for Sec4p (Müller and Goody, 
2018). Identified GDI dissociation factor, a membrane 
component has been implicated in the recruitment of 
specific Rab proteins into the vesicles. This protein causes 
separation of the Ritb‑rab GDI complex and thus stimulates 
binding of the Rab protein to the membrane (Homma et al., 
2021). Zerial and McBride identified a number of other 
essential proteins of the transport machinery other than 
Rab protein (Zerial and McBride, 2001). Both yeast and 
mammalian cells require SNAPs and NSF for vesicle fusion. 
Nichol and his colleagues isolated membrane proteins 
main extract that bind to SNAPs and suggested that 
these proteins mediates the fusion of synaptic vesicles 
(Nicol et al., 2018). These findings have led to a general 
model of vesicle transport and fusion, termed the SNARE 
hypothesis (Adnan et al., 2020).

15. Small GTP-binding proteins in plants

Small GTPases have the ability to bind to nucleotides 
guanosine diphosphate and guanosine triphosphate, 
when resolved by SDS-PAGE and shifted to nitrocellulose 
filters. This property has endorsed scientists to identify 
the existence of small GTP-binding proteins in microsomal 
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membranes and in plant extracts and in thylakoid 
(Nishiyama  et  al., 2018). Two important proteins of 
24 and 28 kDa from plasma membranes of soybean and 
two of 26 and 28 kDa from root nodule peri-bacteroid 
membranes bind to GTPyS (Zbell et al., 1990). Ding et al. 
(2018) suggested the character of small GTP binding protein 
in cell elongation stimulated by auxin. The growth of IAA 
hormone in rice increases the binding of GTPyS to vesicles 
in vitro. A significant amount of a 28-kD GTP-binding 
protein was translocated from the Endoplasmic reticulum 
and Golgi apparatus to the chloroplasts and plasma 
membrane when cells of the green alga (Dunaliella salina) 
were subjected to hypo-osmotic swelling (Hua-Ying et al., 
2019; Wang et al., 2017).

The small GTPase superclass can be divided into 
two main classes on the basis of their sequences and 
structures: SIMIBI class (the signal recognition particle, 
BioD and MinD-like ATP-binding proteins) and TRAFAC 
class (the translation factors). The SIMIBI class has been 
found involved in membrane transport activity, localization 
of proteins, a set of metabolic enzymes with phosphate 
transferase activity or kinase activity and in splitting of 
chromosomes (Leipe et al., 2003). On contrary, the TRAFAC 
(translation factors) class belonging to the P-loop GTPases, is 
a novel group of G-proteins, initially identified by analyzing 
fully sequenced bacterial genomes and includes proteins 
involved in cell motility and translation. The TRAFAC class 
is divided into seven families: Era (E. coli Ras-like protein), 
TrmE, Hflx, YfgK, OBG, YihA, and classic translation factor 
family (Verstraeten et al., 2011).

Several techniques have been applied for the extraction 
of various cDNAs encoding small GTPases from plants. 
Degenerative oligonucleotides have been used for 
the extraction of various cDNAs. These degenerate 
oligonucleotides refer to one of the consent sequences 
in the GTPase superfamily. A SARZ homolog cDNA from 
Arabidopsis was isolated with the help of plant cDNA 
library along with complementation of yeast mutants 
(Van Acker et al., 2019). A rabll homolog cDNA (rgpl) was 
cloned from rice using subtraction screening strategy. 
While isolation of homologous cDNAs like Rab7 from 
Vigna aconitifolia is now also possible by low-stringency 
screening method using heterologous probes (Feng et al., 
2014) and rgp2 from rice (Chen et al., 2015). Identified 
Rab5 homolog clone and sequenced 130 randomly selected 
clones from a maize leaf cDNA library (Horiuchi et al., 
1997). Rhal protein has been found to be localized to early 
endosomes and highly homologous to Rab5. Its expression 
exposed by rhal promoter driven 0-glucuronidase activity, 
was found mainly in the guard cells and also in the 
stipules, root tips, young leaves and in the receptacles of 
flowering Arabidopsis plants (Luck et al., 1998). A gene 
in Arabidopsis thaliana encodes a Rab6 homolog that is 
localized to trans-Golgi and media1. It complemented a 
yeast ypt6 mutant, indicating its functional conservation. 
A dominant expression of a Rab6 mutant failed to prevent 
vesicular transportation through mammalian Golgi 
and Ypt6 mutant is not necessary for cell proliferation 
(Chen et al., 1998). Sano and Youssefian isolated rgp1 a 
rabll homolog cDNA from rice and found that expression 
of this gene is decreased in azaC-treated rice dwarfing 

plants (Sano and Youssefian, 1991). The expression level 
of a second rabll homolog rgp2 is not affected by azaC 
treatment (Youssefian et al., 1993b). Expression of sense 
and antisense rgpl in transgenic tobacco showed reduction 
in apical dominance and enhanced tillering (Sano et al., 
1994). Identified two Rab homologs, a Rabll homolog 
Np-ypt3 and a rab5 homolog Nt-rab5 in tobacco. These 
genes have similar expression patterns; in flowers the 
expression is highest and undetectable in leaves (Saalbach 
and Thielmann, 1995). Pea isolation offered the extraction 
of a cDNA of rab7 homolog and of a gene which is involved 
in the regulation of microfilament organization called Rhol 
gene (Nicol et al., 2018; Ridley et al., 1992). The expression 
of rab7 is improved significantly during nodulation. The 
level of rab7 mRNA rises twelve times than that in leaves 
and root meristem. This corresponds with the endocytosis 
of Rhizobium in root nodules and with the membrane 
proliferation which in return decreases the expression 
of these proteins by antisense cDNAs under the control 
of nodule-specific promoters. This significantly affects 
the biogenesis of symbiotic organelle and the nodule 
development (Nishiyama et al., 2018). A Rabl/Yptl homolog 
was identified in maize coleoptile cells that consisted 
C-terminal Cys motif and all the consensus sequences 
(Takai et al., 1992) Isolated cDNA clones encoding Rabl 
and Rab7 homologs from soybean and V. uconitifolia root 
nodules. The yeast yptl mutant is likely that of the plant 
Rabl (Simon et al., 1991).

16. Biochemical studies of plant G-proteins and their 
involvement in plant signaling

16.1. Detection of GTP-binding proteins

The mechanism of signal transduction pathway in plants 
is not yet known much. Researchers are being carried 
out their experimentations on it. However, still a little 
information is known. Plants cellular response is affected 
by various signals from both the environment and from 
other cells. GTP-binding proteins play an important role in 
cells of animals and simple eukaryotes. Likewise, G-proteins 
may influence and play an important role during signal 
transduction pathway in plants. In vitro, there are number 
of ways to detect G-proteins. One of which is GTP‑binding 
assay. GTP-binding assay is one of the main and widely 
used techniques to detect G-proteins. This technique 
usually uses one of the non-hydrolyzable GTP analogues 
like GTP7S. It detects small GTPases, other G-proteins and 
heterotrimeric G-proteins. The binding activities present 
in plant extracts can be quite complex (Takagi et al., 2007; 
Tyagi and Mohanty, 2000). The small GTPases and α subunit 
of heterotrimeric GTP‑binding proteins have basic GTPase 
activities. The lack of preciseness of this process for some 
specific type of GTP-binding proteins causes some major 
limitations to it (Ueki and Nishii, 2008). Besides, GTPase 
activity and GTP-binding assay method; Bacterial toxins are 
being used that causes ADP ribosylation of some α subunits 
of heterotrimeric G-proteins. Pertussis and cholera are the 
generally used toxins (Vernoud et al., 2003). These toxins 
and as well as radioactive NAD+ may detect susceptible 
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G-protein alpha subunits, which works as donor of ADP 
ribose group (Wang et al., 2008). Transducins and Gi’s are 
a type of Gα subunit sensitive to the pertussis toxin. They 
have a cysteine residue close to the carboxy terminus 
(Wilson et al., 1996; Xiang et al., 2008). ADP ribosylation 
by cholera toxin is very complex while ADP ribosylation 
by pertussis toxin proved to be sensitive for a subset of 
G  protein e subunits. A soluble factor, ARF which is a 
small GTPase highly stimulates the ADP ribosylation by 
cholera toxin. This ARF is activated by the binding of GTP or 
analogues of GTP (Zerial and McBride, 2001). In addition, 
ADP-ribosylated arginine residue is preserved all among 
G-protein e subunits. G-protein e subunit is competently 
modified by cholera toxin while others may be modified 
under specific conditions (Xing et al., 1997; Ying et al., 
2018). However, some proteins work as substrates for 
ADP ribosylation by cholera toxin but comparative to Gs 
they are slowly ribosylated and sometimes dominate the 
labelling arrangement when abundant (Yuan-Yuan and 
Zhang, 2006).

The effect of ARF and other proteins can be modified 
by cholera toxin make it useless, desirable and more 
prone to artifacts. The toxins are only useful to identify 
the presence of certain classes of G proteins in an extract 
(Ying et al., 2018). GTP binding proteins which are not 
substrates for the toxin catalyzed ADP ribosylations 
(Wu  et  al., 2019). Immunoblot method using antisera 
against peptides from known G proteins have also been 
very powerful (Hsing et al., 2007). A number of groups have 
used antibodies raised against a conserved peptide of the 
e subunit of heterotrimeric G proteins (James Junior et al., 
1995). By studying the given analyses in association with 
GTP-binding proteins provided strong indication for 
the existence of G proteins in plants. There are certain 
limitations in studying the antibodies i.e. that it requires 
cross-reactivity among plant proteins and antibodies 
(Huang et al., 2009). By using 35S-labeled GTP binding 
in solution, GTP-binding activities were detected in the 
thylakoid membranes of spinach (Spinacea oleracea) leaves 
(Izawa et al., 1997) and in membranes of rice coleoptile 
(Jones et al., 1994). GTPase activities were found in the 
eyespot of the green alga (Chlamydomonas reinhardtii) 
(Xing et al., 1997) and in membrane extracts from maize 
roots (Wang  et  al., 2017). GTP-binding activities and 
substrates for ADP ribosylation catalyzed by pertussis toxin 
were detected in gel filtration fractions of extracts from pea 
(Pisum sativum) and Lemna paucicostata (Schneider et al., 
2005). A filter assay has been used to uncover small GTP 
binding proteins in the green alga (Sasaki and Burr, 2000), 
in microsomes of zucchini (Cucurbita pepo) hypocotyl 
(Reilly et al., 2021), in chloroplast outer envelope membrane 
and nuclear envelope from pea (Youssefian et al., 1993a). In 
2015, in the cytosol of pea plumule cells ARF-like protein 
was discovered by Rout and Panigrahi. The amalgamation 
of immunological analysis and GTP-binding studies along 
with antibodies showed that the known Gα-subunits have 
identified potential heterotrimeric G protein subunits from 
barley (Hordeum vulgare) (Zbell et al., 1990), Arabidopsis, 
zucchini (Cucurbita pepo) (Roy et al., 2019), broad bean 
(Vicia faba) and Commelina communis (Zhou et al., 2009).

There have been identified a 24 kDa GTP-binding protein 
in etiolated seedlings of oat (Avena sativa) by using western 
blot analysis using anti-G antibodies, GTP-binding assay 
and ADP ribosylation with cholera toxin. This protein is 
smaller than any known heterotrimeric G protein subunits 
(Chen et al., 1998; González-González et al., 2017) identified 
two small GTP-binding proteins (28 and 30 kDa) in rice 
coleoptile using anti-G antibodies and a filter GTP-binding 
assay. Recognized aleurone protoplasts of 22 and 24 kDa in 
barley by using anti-ras antibodies. It is possible that the 
anti-G antibodies cross-react with small G proteins and 
the conditions used for ADP ribosylation by cholera toxin 
permit the modification of small G proteins (Bischoff et al., 
1999; Bishop  et  al., 1996). The complete identification 
and characterization of these proteins must await further 
molecular studies.

16.2. G-protein involvement in plant signaling pathways

The interaction of GTP-binding proteins with receptors, 
effectors and GTP/GDP takes place at specific points of a 
cycle. Therefore, alteration at one point in the cycle affects 
the succeeding points. In many cellular processes pertussis 
bacterial toxins, GTP analogues and cholera were helpful in 
examining the involvement of GTP-binding proteins. GTP 
analogues can easily probe G protein function, especially 
GTPvS are used often. GTP analogues affect both small 
GTPases and heterotrimeric G proteins (Ying et al., 2018; 
Zbell et al., 1990; Zhou et al., 2009). Extracellular signals 
activated by a receptor-ligand complex are often mediated 
by heterotrimeric G proteins. These signals are activated 
by the exchange of a bound GDP for a GTP (Zerial and 
McBride 2001). The presence of a G protein stimulates 
the GTP binding in a signaling pathway (Xiang  et  al., 
2008). Exchange of GDP to GTP causes the activation of 
heterotrimeric G proteins. The intrinsic GTPase activity 
of the c-subunit causes the hydrolysis of GTP to GDP and 
phosphate, and due to this the activation of heterotrimeric 
G proteins is reduced (Xing et al., 1997). GTPase Activating 
Protein (GAP) highly increases the activity of small GTPases 
(Yu et al., 2002). The most powerful activators of G proteins 
are GTP analogues like GTP7S and GMP-PNP and these GTP 
analogues cannot be hydrolyzed (Xing et al., 1997), then 
Sometimes guanine nucleotides can be used to stimulate 
the signal in generating the response, especially when a 
signal is characterized for a particular cellular process for 
example response to light (Wang et al., 2017).

Bacterial toxins can also be used to study and analyze 
G protein function in various cellular processes (Yuan‑Yuan 
and Zhang 2006). Both GTP and GDP bound forms of G 
proteins can be ADP-ribosylated by cholera toxin and it 
may inhibit intrinsic GTPase activity (Van Acker  et  al., 
2019). The light-stimulated signaling pathways of GTP 
binding proteins explored by using both GTP analogues 
and bacterial toxins. In Lemna plant, a single eight-hours 
period of darkness induces flowering. Before Lemna plant 
extracts were prepared, they were kept in eight hours 
single period of darkness while 20o by red or far-red 
light inhibited GTP binding. But, the GTP binding was not 
affected by blue light (Verma et al., 1994; Vernoud et al., 
2003). The red receptor phytochromes involved in the 
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regulation of one or more G proteins (Terryn et al., 1993). 
There was seen similar inhibition with red light and far 
red light, which have opposite effects on phytochromes. 
The exposure of far-red light for four-minute inhibited 
GTP binding while exposure of red light for two-minute 
stimulated GTP binding in the nuclear membrane of pea. 
Similarly, the observed etiolated oat seedlings showed 
GTP binding with membranes was stimulated by red light 
(Lin et al., 2006). The GTP analogues GTP7S and Gpp(NH)p 
simulated the effects of the light receptor phytochrome A 
on light-dependent synthesis of anthocyanin. Moreover, 
GTPase activity and GTP-binding activity in plasma 
membranes of etiolated pea seedlings is stimulated by blue 
light. In the absence of GTP and blue light, pertussis toxin 
ADP-ribosylated a 40 kDa protein in plasma membrane 
(Chin et al., 1999; Dufresne et al., 2008).

The blue light signal transduction may be carried out 
by a heterotrimeric G protein in etiolated pea seedlings. 
The intrinsic GTPase activity of the c-subunit causes the 
hydrolysis of GTP to GDP and phosphate, and due to this 
the activation of heterotrimeric G proteins is reduced 
while GTPase Activating Protein (GAP) highly stimulates 
GTPase activity in small GTPases (Agrawal et al., 2001; 
Chandlee, 1990).

16.3. G-protein components in Arabidopsis and rice

Proteins extracted from various plant species resembles 
to that of mammalian G-protein components. In Arabidopsis 
and rice, a single copy gene encodes Gα. Labelled as GPA1 
in arabidopsis or RGA1 in rice. Correspondingly, Gβ is also 
encoded by a single copy gene, labelled as AGB1 or RGB1, 
respectively. Two Gγ genes RGG2 and AGG1 were isolated 
from Arabidopsis and rice (Lin et al., 2006; Liu et al., 1999). 
No plant gene has been found that is highly homologous 
to metazoan GPCRs (Miyao et al., 2003; Moon et al., 2006). 
GCR1 is a GPCR-encoding candidate gene in Arabidopsis. 
It encodes a protein that has some GPCR sequence 
similarity and a predicted heptahelical structure that is 
the hallmark of GPCRs (Mathieu et al., 2009; Murai et al., 
1991). The The genome of Arabidopsis contains only one 
member of the RGS family i.e; RGS1 (Kaeppler et al., 2000). 
The basic pattern of G protein signaling in mammals is 
similar to that appears in plants. He described it on the 
basis of both modeling and research (Kaneko et al., 2004; 
Kikuchi  et  al., 2003). Plasma membrane of plant cells 
consists of all RGS1, GCR1, Gα, Gβ and Gγ (Kolesnik et al., 
2004; Kumar and Hirochika 2001). Gβ bounds strongly 
with Gγ subunit in rice and Arabidopsis when performing 
co‑immunoprecipitation experiments and yeast two-hybrid 
assays (Izawa et al.,1997).

In rice, gel-filtration experiments have confirmed that 
Gβ and Gγ dimers associate with Gα. This association is 
disturbed by a non-hydrolysable form of GTP, GTPgS, which 
is predicted to conserve the activated conformation of Gα 
(Lin et al., 2006; Luck et al., 1998). The first conclusive 
evidence showed that GCR1 physically interacts with 
Gα by using in vitro co-immunoprecipitation as well 
as split‑ubiquitin yeast two-hybrid assays (James 
Junior et al., 1995). The interaction of RGS1 showed with 
both a constitutively active GPA1 and wild type GPA1. The 

carboxy‑terminal domain of AtRGS1 exert GαAP activity on 
a yeast Gα. Plants and other eukaryotic organisms possess 
major differences between there G protein components. 
The similarity of amino acid sequence of the related genes 
and proteins is restricted and plant genes encoding each of 
the different component are lesser than in other eukaryotes 
(Mazier et al., 2007; Murai et al., 1991).

16.4. Era-like GTP binding protein

Reticular activating system proteins also known as 
Ras-like protein are GTP-binding protein confers binding 
activity with RNA, Homologues of these proteins were 
primarily found in E. coli and hence, it is called ERA (E. coli 
Ras-like proteins) and later on, these proteins have been 
discovered in several organisms such as human, mouse 
and Antirrhinum majus (Gale and Devos 1998; Hamer et al., 
2001).

Cell division can be blocked by the depletion of 
prokaryotic ERA but the segregation of chromosomes 
cannot disturbed (Courage-Tebbe et al., 1983; Dias et al., 
2008). In E. coli, the DNA sequence which is responsible 
for the synthesis of ribonuclease were found instantly 
upstream of the gene (Era) contain 316 amino acids in its 
polypeptide chain (Chin et al., 1999; Chopra et al., 1999). 
There is a great similarity present between Ras-like proteins 
of yeast and E. coli (Charng et al., 2004; Chuck et al., 1993). 
A Ras-like protein of yeast comprises of 316 amino acids 
residues, another Ras-like protein found in E. coli also 
known as ERA confers very low activity to hydrolyze 
GTP (Camacho et al., 2003). E. coli Ras-like proteins are 
very important in many biological processes such as 
cell division (Kunze and Weil 2002; Mazier et al., 2007), 
pleiotropic pathways like metabolism of fatty acids and 
carbon, adaptation to resist against temperature stress to 
promote growth of cell and its sustainability (Luck et al., 
1998). Two preserve domains are present in ERA, in which 
one domain binds to the 30S ribosomal subunits and the 
16S rRNA of E. coli called KH (K Homology) domain while 
the other domain is similar to RAS called GTPase domain 
associated with the TRAFAC group of (Koonin and Galperin 
2002; Miyao et al., 2003).

Antirrhinum majus was first plant species in which 
GTPase was first found homologus to ERA that is only 
active in cell division or active metabolism of cells. A study 
of DNA database suggested that DNA sequences that are 
similar with ERA are present in numerous other living 
organisms such as human, Drosophila, Caenorhabditis 
elegans and mouse (Britton et al., 2000). Further studies 
suggested that GTP is hydrolyzed into GDP by ERA and 
in vitro hydrolysis rate ranges from 0.3 to 17.5 mmol of 
GTP/min/mol (Martienssen, 1998; Miyao et al., 2007).

The ERA is a significant GTPase protein of E. coli that 
is involved in many cellular activities. They described 
the mechanism of hydrolysis and binding of ERA guanine 
nucleotide binding but the exchange rate of guanine 
nucleotide have not ever been published. They further 
suggested that functional models of ERA reveal the rapid 
conversation of nucleotides and therefore, GTPase activity 
is essential to ERA (Giroux et al., 1994; Hamer et al., 2001). 
Only a small number of the Obg and Era like GTP-binding 
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proteins have been characterized through experimentation 
but function of these proteins remains unknown, the 
available data revealed that many of them are involved 
in cell growth. A broadly distributed bacterial subfamily 
of GTPase was discovered with the current explosion of 
available genome sequence data which were represented 
by the E. coli ERA and the B. subtilis Obg proteins. Nine 
genes involved in encoding of GTP-binding proteins of 
the Obg/Era family were identified during the survey of 
complete genomic sequence of B. subtilis (Goff et al., 2002; 
Hirochika, 1997).

The GTPase that are similar to ERA exhibits the binding 
activity with RNA is present in various organisms such as 
A. majus, mouse and humans. Reduction of prokaryotic 
Era affects the cell division and consequently blocked the 
division of cell but the segregation of chromosomes cannot 
disturb. Although, the biological functions of eukaryotic 
Era are still unidentified (Goff, 1999; Greco et al., 2001). 
The three GTPase, Obg, LepA, and Era of M. tuberculosis 
and expressed in Escherichia coli and found that Obg, LepA 
and Era protein are involve in the activity of GTPase that 
help scientists to analyze the physiological importance of 
these proteins related to pathogenesis (Jones et al., 1994; 
Kolesnik  et  al., 2004). Firstly, characterized an Era-like 
GTP binding protein in filamentous fungi. In Magnaporthe 
oryzae commonly known as Rice blast fungus, in which 
they found a gene responsible for the synthesis of protein 
similar to E. coli Ras-like GTP binding protein. They proposed 
that mature terminal of a protein found in the arbuscular 
mycorrhizal fungi (Glomus intraradices) called the Gin1 
protein is more similar to this protein and during the 
labelling of carboxy-terminally with GFP (green fluorescent 
protein) it become limited to the nucleus. In Aspergillus 
nidulans, amino-terminal tagged with GFP were expressed 
and they observed polarity defects due to limitations to 
the cytoplasm (Jiang  et  al., 2004; Kempin  et  al., 1997; 
Larkin and Scowcroft, 1981).

In higher classes of Plants, studied the classification and 
biological functions of Double Era-like GTP binding proteins. 
Both C-terminal domain (CTD) and GTP-binding domains 
or GD are back to back repeated in double ERA-like GTP 
binding that is closely similar to the domain involve in the 
binding of RNA also known as K-homology domain. The 
results suggested the vital role of DER in the processing 
of chloroplast rRNA and synthesis of ribosome in higher 
classes of plants with complex genome (Komatsu et al., 
2003; Koonin and Galperin, 2002). The Era/Obg proteins 
of P-loop GTPase superclass are conserved in several 
prokaryotes and eukaryotes. Basic cellular processes such 
as ribosome biogenesis signal transduction and translation 
are critically regulated by some of these proteins. Although, 
a genome-wide overview of the Era/Obg GTPase genes 
in plants have not been provided yet (Saika et al., 2005; 
Schwarz‐Sommer  et  al., 1985). It has been screened 
and identified a single mutant gene encoding for the 
GTP‑binding protein Era in cyanobacteria that contain an 
insertion in it and revealed the importance of this protein 
in the metabolism of hydrocarbon and fatty acid along 
with the determination of the cell size. Improvement in 
the production of biofuel precursors is possible through 
the results showed that the GTP-binding protein Era can 

be used as a novel target for further (Koncz et al., 1989; 
Kunze and Weil, 2002).

The newly recognized small GTP-binding protein, 
Nucleolar GTPase 1 (NOG1) that have important role in plant 
immunity against bacterial attack (Larkin and Scowcroft 
1981; Luck  et  al., 1998). The outcome of this research 
provided valuable evidences on the new functional role 
of small GTPase, NOG1, in early plant defense in response 
to bacterial attack as well as in guard cell signaling. The 
Era-like GTP binding proteins are actually encoded by 
nuclear DNA and hence called nuclear-encoded GTP binding 
proteins contain two conserved domains, first one is GD 
(GTP binding domain) and second is KH (K Homology) 
domain (Luo et al., 1991; McCarty et al., 1989). It is involve 
in early development of seed in higher plants such as 
Antirrhinum majus. Conclusion of his studies suggested 
that early development of seed indorses by Era-like 
GTPase affects the synthesis of mitochondrial proteins and 
maturing of small subunit of ribosomes in the process of 
Arabidopsis. ERA-like GTPase is well-preserved in many 
organisms such as eukaryotes, bacteria and archaea, 
ERA‑like 1 (ERAL1) is one of its nuclear-encoded variant 
present in the mitochondrial matrix of humans matrix 
(McClintock 1951; Murai  et  al., 1991). They revealed 
that mitochondrial 12S rRNA is attached with ERA-like 
1 (ERAL1) to indorses maturation of smaller ribosomal 
subunit of mitochondria, while cytoplasmic ribosome 
rRNA is not binds with it.

The siRNA is used to induce mutations in the gene 
encoding for ERAL1 which causes cell death because 
mutated gene promotes the synthesis of reactive oxygen 
species (ROS) and protein translation inhibition in 
mitochondria. The consequences of the study specified 
the importance of ERAL1 in cell viability and in the 
constitution of small ribosomes (Naito  et  al., 2009; 
Nakagawa et al., 2000).

16.5. Era-like GTP binding proteins in plants

Antirrhinum majus is the first plant species in which 
ERA-like GTP binding proteins were discovered in cell 
division or metabolically active cells (Ross-Macdonald et al., 
1999; Suzuki et al., 2001). It was anticipated that amino-
terminal sequences of E. coli related GTPase is responsible 
to target the mitochondria, development of seeds are 
detained by the introduction of mutation in E. coli 
related GTPase allele through site selected transposon 
mutagenesis (Neuvéglise et al., 1998; Ouyang et al., 2007). 
In Arabidopsis, there were two variants of ERG genes 
identified in the Genomic data, first gene was found in in 
chloroplast were named as AtERG1 and other gene were 
found in mitochondria were named as AtERG2 (Schnell 
and Lefebvre, 1993; Schwarz‐Sommer et al., 1985).

Jeon and An revealed two continuously repeated 
GTPase domains in double Era-like GTP binding protein 
and another domain was similar to K homology domain 
which was specialized in RNA binding, these domains 
were present in Nicotiana benthamiana so were named 
as NbDER. It was bound with to 16S and 23S ribosomal 
RNAs to perform its primary function which was GTPase 
activity by comprising in the association and maturation of 
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50S ribosomal subunit of chloroplast and hence, found in the 
nucleoids of chloroplasts. The activity of Plastid-encoded 
ribosomal RNAs is diminished by introducing mutation 
in NbDER leads to the disruption of chloroplast synthesis 
reason for the yellowing of leaves and hence, chloroplast 
starts accumulating of the precursor rRNAs (Jeon and An, 
2001). The N-terminal sequence dependent Arabidopsis 
thaliana Era Gene 2 were found attached with 18S RNA of 
mitochondria. Although, there is no such evidences that 
can describe the mechanism of Arabidopsis thaliana Era 
like genes in the synthesis of ribosomes and processing 
of rRNA responsible for the synthesis of organelle. 
Development of seeds rigorously affected by introducing 
T-DNA in the lines of Arabidopsis thaliana Era like gene 
2 that can further cause arrest of zygote at 1.5 DAP and 
leads to seed abortion at 2.0 DAP in aterg2-1 +/−. These 
results suggested the function of Arabidopsis thaliana 
Era like gene 2 in controlling the primary development 
of seeds by maturing Ribosomes and mitochondria for 
the synthesis of important proteins (Charng et al., 2004; 
Chin et al., 1999).

A vital protein is synthesized from E. coli Era genes 
capable of binding with GDP and GTP. ERA genes are greatly 
associated with a broad spectrum of cellular activities (Jeon 
and An 2001; Jiang et al., 2003). Many phonotypical traits 
can be suppressed by introducing mutations in ERA such as 
mutation in a dnaG gene responsible for the temperature 
sensitive and thus, ERA is very essential in many biological 
process such as chromosomal segregations and DNA 
replication. Induction of mutation in G2 domain of ERA 
causes defects in its functioning in carbon metabolism 
because it became unable to use specific tricarboxylic 
acid intermediates which is a sole carbon source. Mutated 
ERA can inhibit the genes responsible for phosphotransfer 
system (PTS) because of it is directly associated with 
phosphoenolpyruvate sugar phosphotransfer system 
(Hirochika et al., 2001; Ipek and Simon 2002). The processes 
of kinetic analysis such as ERA mediated hydrolysis, binding 
and exchange of Guanine nucleotide by using the variants 
of MANT Guanine nucleotide. They demonstrated the 
statistical values of ERA based hydrolysis and equilibrium 
binding constant (KD) and found it similar to the values of 
unmodified MANT Guanine nucleotides. In contrast with 
other Ras protein, the rapid speed of ERA to exchange 
Guanine nucleotide is much similar to another protein 
known as Caulobacter crescentus protein (CgtA). They 
proposed that the GTPase activity is intrinsic to the rapid 
activity of ERA to exchange nucleotides (Hsing et al., 2007; 
Ishikawa et al., 2005).

Rice researchers have made massive innovations, 
but there is still some areas that connects phenotypic 
traits to genotype and huge knowledge is require to fill 
this gap to bring desired verities for the sustainability of 
agriculture. The main objective of rice functional genomic 
research is to identify the function of each gene of rice 
genome and to find the role of efficient diversified alleles 
in Rice genetics, implementation of this knowledge to 
improve the genome of rice to identify beneficial genes 
and beyond (Haseeb et al., 2020; Hirochika et al., 2004; 
Kikuchi et al., 2003).

Immunoelectron microscopy and Sub-cellular 
fractionation have revealed the location of Era, it is situated 
at the cytoplasmic surface of the inner membrane and 
hence called peripheral membrane protein. The process 
responsible for the interaction between Era and its 
membrane is still not defined either the mechanism of 
interaction is similar to the membrane signaling of GTPase. 
Nevertheless, the biological functions of eukaryotic Era 
like GTPase are not identified.

RGA1, RGG1, RGB1 and RGG2 are four kinds of rice 
genes encoding heterotrimeric G protein subunits. Their 
expression in epidermal cells is almost similar (Jeon and 
An 2001; Kaneko et al., 2004).

107 types of small G-proteins found in rice were 
divided into six families (Jiang and Ramachandran, 
2010). These families are named as Rab, Arf, Rop, Ran, 
Ras, and other GTPase genes. Among these, Other GTPase 
genes family comprising GTP-binding protein synthesis 
factor are up‑regulated while two Rop and one Rab 
genes are down‑regulated the above adventitious plant 
root primordia in epidermal cells as compared to other 
epidermal cells. In addition, 60 GAP genes of rice have 
been identified, which are categorized into the following 
subgroups: RabGAP, RopGAP, other GAPs, ArfGAP and 
RanGAP (May and Martienssen, 2003; Miyao et al., 2003). 
Among these subgroups, other GAPs family member and 
RopGAP10 were down-regulated above root primordia 
of epithelial cells. Furthermore, rice genome consisted of 
three GDI genes among which one was down-regulated 
above adventitious roots in epidermal cells, whereas 
five GEF genes of rice were expressed correspondingly 
in epidermal cells with above adventitious roots (Kunze 
and Weil, 2002). Microarray analysis bioinformatically 
predicted eleven GPCR genes out of thirteen from rice 
(Koonin and Galperin, 2002; Kumar and Hirochika, 
2001). The transposable elements usually have millions 
of copies in the genomes of organisms which caused 
stable variations and development of mutant lines in 
crop plants. For example, there are around a million of 
copies of Alu sequences in human genome are present 
which have specific functions in the gene regulation and 
maintenance of cellular biochemical and physiological 
activities. These transposable elements have ability to 
move within the genome due to which these sequences 
can add, delete, replace or even caused to duplicate the 
sequences of genes within the genome which ultimately 
caused genetic diversity and mutations in population of 
same species of plants and animals.

17. Conclusions

The use of induced mutations for studying the 
mutagenesis in crop plants is very a common as well as a 
promising method for screening crop plants with new and 
enhanced traits for the improvement of crop plant yield 
and production. The utilization of insertional mutations 
through transposons or jumping genes usually generates 
stable mutant alleles which are mostly tagged for the 
presence or absence of jumping genes or transposable 
elements. The use of transposable elements may be used 
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for identification of mutated genes in crop plants and even 
for stable insertion of transposable elements in mutated 
crop plants.

The jumping genes or transposable element sequences 
of genomic DNA caused major changes and mutations in 
the genomes of plants, animals and microbes to make them 
able to survive under varying environmental conditions 
and caused to evolve into a new species of crop plants 
with new trait and functions.

The insertion of nDart1 transposable element in rice 
revealed variations in the anatomy, structural, functional 
and biochemical changes in rice for the development of 
mutant lines. The nDart1 including high potential and 
autonomous genetic element within the genome of rice 
lines, which have various possible applications of nDart1 
elements for the development of a novel gene targeting 
for its higher potential for contribution to produce natural 
and stable genetic variations with mutant form in rice 
lines. However, there is need for further molecular and 
genetic elucidation for studying the regulation of nDart1 
transposable elements or jumping genes which may 
facilitate the identification and development of various 
new transposable elements for gene tagging systems, and 
which may also contribute for understanding functional 
genomics and rice breeding for improvement of yield and 
production of rice.
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