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Abstract  
 

The seed is a mainly reproductive unit of the spermatophyta and links the subsequent generations. Other essential seed 

activities include survival in arid, cold, or other adverse conditions and dispersal. There is a lot of variety in the internal 

and external architecture of seeds. OsMKP1, a mitogen-activated protein kinase phosphatase, is encoded by GSN1. Rice 

glume cells proliferate when GSN1 expression is suppressed, producing larger but fewer rice grains. The GSN1 directly 

interacts with OsMAPK6 and dephosphorylates it, rendering it inactive. Thus, precise regulation of OsMAPK6 activity via 

reversible phosphorylation is essential for regulating the rice grain size. Some genes also negatively control the grain width 

and weight by inhibiting cell proliferation. The embryo, which is made up of cotyledons, hypocotyl, and radicle; the 

endosperm, which feeds the growing embryo; and the seed coat, which envelops the embryo and the endosperm, are the 

three main parts of plant seeds, each of which has unique biological functions and outcome. The growing seed can benefit 

from the ability to predict when a sugar burst would arrive through the phloem, since this would allow the seed to quickly 

adapt to its storage product synthesis. However, there are still certain obstacles that prevent the use against a variety of 

insect species. The adoption of various formulation procedures that improve dsRNA persistence and cellular absorption in 

insects is expected to overcome these issues, which are mostly related to the varying RNAi sensitivity of oral RNAi in 

insects. The CRISPR/Cas system has become the most popular being shown to be useful for editing the genome of plants, 

its uses in plants have grown significantly in comparison to other technologies. 
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INTRODUCTION 
There are some varieties of the plants with 

novel genetic modifications. The seed is the reproductive 

unit of the spermatophyta (seed plants) and links the 

subsequent generations. Other essential seed activities 

include survival in arid, cold, or other adverse conditions 

and dispersal. There is a lot of variety in the internal and 

external architecture of seeds [1, 2]. The endosperm and 

embryo's size and placement, the seed's overall shape and 

dimensions, and its structure, texture, and color are some 

examples of these variances. They have a significant 

connection to germination and dispersion methods. The 

weight of an orchid seed can be as low. The legume seeds 

may be the heaviest, weighing more, although the single-

seeded fruit of the palm Lodoicea maldivica weighs. The 

three components of a seed are the embryo, endosperm 

and occasionally perisperm, and seed coat. The 

endosperm and embryo are produced via double 

fertilization, while the seed coat is created by the ovular, 

maternal tissues. The seed habit is a significant 

advancement in the evolution of higher plants. There are 

several evolutionary advantages to seed plants over 

spore-producing plants. While fertilization takes place 

inside the protective structures of the mother plant to the 

growing embryo receives sustenance from plant. In 

addition, the embryo is frequently given storage material 

and is shielded by the seed coat. Due to these features, 
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the seed plants were so effective that took over the earth's 

terrestrial habitats [3, 4].  

 

There are significant parallels between the 

evolution of viviparous mammals from egg-producing 

vertebrates and the emergence of the seed habit in 

spermatophytes, which occurred roughly during the 

same geological epoch. In addition to their significance 

for the plants themselves, seeds play a major role in both 

human and animal food chains [4, 5]. Seeds are likely the 

most valuable element of plants to humans. Wheat, oats, 

barley, rice, maize, and other crops are produced by the 

vast, cultivated grasses and cereals. Legumes like 

peanuts, beans, and soybeans have seeds that are high in 

either proteins or carbohydrates. Additionally, seeds are 

used as condiments, spices, and beverages such as 

coffee, cocoa, and strong drinks; they are also utilized as 

medications in the form of seed extracts; and they are 

used to make industrial and edible oils from linseed, 

peanuts, soybeans, coconuts, sunflowers, and other 

plants and some industrial uses of seeds. One unique 

benefit of seeds is their ability to store food [6, 7]. 

 

Molecular Mechanism in the Seed Formation 

OsMKP1, a mitogen-activated protein kinase 

phosphatase, is encoded by GSN1. Rice glume cells 

proliferate when GSN1 expression is suppressed, 

producing larger but fewer rice grains. In contrast to 

OsMKK4, GSN1 directly interacts with OsMAPK6 and 

dephosphorylates it, rendering it inactive. Thus, precise 

regulation of OsMAPK6 activity via reversible 

phosphorylation is essential for regulating rice grain size 

[8, 9]. OsbZIP47 negatively controls grain width and 

weight by inhibiting cell proliferation, whereas WG1 

encodes a CC glutaredoxin that stimulates grain growth 

by increasing cell proliferation. Through the recruitment 

of the transcriptional co-repressor ASP1, WG1 interacts 

with the transcription factor OsbZIP47 and inhibits its 

transcriptional activity. Furthermore, E3 ubiquitin ligase 

GW2 ubiquitinates WG1 and then degrades it. According 

to genetic study, the three proteins coordinate grain size 

and weight by forming a molecular regulatory module 

called GW2-WG1-OsbZIP47[8]. The cultivated peas 

have been used to study the development of legume 

seeds. A temporary storage organ in the early stages of 

development, the legume SC stores proteins and 

carbohydrates before the embryo begins to store them. 

Embryo growth is hindered when this SC storage activity 

is changed [9, 10].  

 

The SC is metabolically very active during seed 

filling and facilitates the production of storage 

compounds in the filial tissues by transferring organic 

resources from the phloem. The SC cells experience 

senescence during seed growth and desiccation. The 

developed SC serves as the confined embryo's barrier of 

defense [10, 11]. In addition to providing mechanical 

protection from the environment, it also acts as a 

mediator for environmental information, particularly 

when it comes to the breaking of dormancy and 

subsequent seed germination. In these procedures, the 

SC's content and structure are crucial. Secondary cell 

walls that are loaded with fats, waxes, and polyphenolic 

compounds provide mechanical strength and act as insect 

predator deterrents. It has recently been demonstrated 

that the SC includes active enzymes that are released 

upon hydration and can last for decades [10, 11]. 

 

 
Fig-1: The anatomy and approaches in the seed and molecular development 

 

The hilum, and micropyle are some of the 

physically unique areas that make up the SC. At seed 

maturity, the detached funiculus forms a scar known as 

the hilum [11, 12]. During seed germination, the radicle 

emerges through the micropyle, which is created at the 

edges of the integuments. On the other side of the hilum 

from the micropyle lies a slightly recessed region known 

as the raphe. The architecture and mechanisms governing 



 
 

Areeba Bano et al, Haya Saudi J Life Sci, Nov, 2024; 9(11): 419-426 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                           421 

 
 

water entrance into legume seeds are still being debated. 

It was believed that the micropyle or hilum had a 

significant role in regulating water intake. Similar to this, 

certain legumes have the ability to regulate the release of 

seed dormancy, whereas other species like soybean and 

pea do not. The tracheid bar and hilum contribute to seed 

desiccation, although they are not a major source of 

water input for peas during imbibition. Unlike peas, the 

hilum's role as a hygroscopically triggered valve has 

been in some legume species [9-12].  

 

Cell expansion is a mechanical process that is 

aided by water uptake-driven wall extension, stress 

relaxation, and cell wall loosening. Cellulases, enzymes 

that change pectin and xyloglucan, and apoplastic i.e., 

found in the plant cell wall rather than the protoplast 

reactive oxygen species (aROS) are important 

participants in this process [13, 14]. The internal turgor 

pressure drops when the cell wall's load-bearing 

polymers relax. This causes the cell to absorb more water 

until the turgor pressure and the cell wall's constraint are 

balanced once more. According to a contemporary 

concept of the plant cell wall, wall extensibility is caused 

by biomechanical hotspots illustrated a summary of the 

structure and function of the seed and fruit coat. The 

palisade layer of lignified macrosclerids saturated with 

water-repellent phenolic and suberin-like compounds is 

responsible for the water-impermeability of many 

legume seed coverings. In M. truncatula and soybean, 

genes governing PY, the formation of the cuticle, and the 

seed coat palisade layer have been found. When PY is 

broken, water-gap structures that serve as environmental 

signal detectors, like the lens in legume seeds, open [14, 

15]. 

 

Many RNA processing mutations for electron 

chain subunits exhibit decreased ABA sensitivity, 

mitochondria are linked to ABA sensitivity and play a 

crucial role in energy delivery. The transcription control 

of the ABA biosynthesis gene, NCED, is regulated by 

retrograde, anterograde, and inter-organelle signals [16, 

17]. ABA treatment had a minor impact on the 

mitochondrial dynamics linked to the germination state, 

supporting the idea that temperature and hydration are 

the sole physical factors that affect mitochondrial 

reactivation. The decrease in ABA sensitivity is linked to 

the best possible mitochondrion differentiation and 

function. Therefore, it is reasonable to assume that 

mitochondrial activity is impaired in dormant seeds [17, 

18]. Nevertheless, it has long been known that cyanide 

and other oxidative phosphorylation inhibitors can end 

dormancy. There is still no explanation for this 

conundrum. The most likely explanation put out is the 

activation of the pentose phosphate pathway, which is 

the metabolic system that provides cells with decreasing 

energy. However, in both lab-grown and soil-grown seed 

bank experiences, GA biosynthesis gene involvement 

has also been documented in response to environmental 

signals in Arabidopsis seeds. The significance of pentose 

phosphate was further highlighted by the examination of 

the whole transcriptome change caused by nitrate 

treatment during seed imbibition, which revealed the 

upregulation of genes related to nitrate assimilation and 

transport, hormone metabolism, and energy, including 

the glucose-6-phosphate dehydrogenase. It's interesting 

to note that many environmental cues, like light, nitrate, 

stratification, or after-ripening, caused dormancy 

release-related alterations at the gene expression level. 

Genes involved in the reserve mobilization, cell wall 

modification, and translation machinery are involved. 

These reversible variations in transcript abundance 

enable the dormancy cycling phenomenon, which 

happens when adverse environmental circumstances 

persist after the original hibernation relief, leading to the 

onset of a secondary dormancy. As seeds are exposed to 

a variety of temperature, light, nitrate, and moisture 

conditions as well as microbial environments in the soil, 

dormancy is really strictly controlled in natural settings 

[16-18]. 

 

The embryo, which is made up of cotyledon(s), 

hypocotyl, and radicle; the endosperm, which feeds the 

growing embryo; and the seed coat, which envelops the 

embryo and the endosperm, are the three main parts of 

plant seeds, each of which has unique biological 

functions and outcomes [19, 20]. In addition to acting as 

a mechanical barrier, it may also have a role in 

controlling germination and seed distribution. But in 

mature rapeseed seeds, the embryo is firmly encased in 

the seed coat while the endosperm degenerates. The 

appearance, structure, or development of oil and protein 

bodies in the rapeseed seed embryo has been documented 

in several research. Furthermore, based on the structural 

structure of the seeds, various investigations reported on 

the pigment dispersion in rapeseed seed coatings. There 

is a strong correlation between the plants and B. napus 

decreased oil content. Nevertheless, the seed structure 

and properties of ultrahigh of the oil content rapeseed 

[18, 19].  

 

The chloroplasts then generate enough ATP and 

NAPDH in response to light exposure to satisfy local 

energy needs. Since both ATP and NADPH have 

extremely useful and it is expected that hardly much 

long-distance transport takes place from their 

manufacturing site [21, 22]. Like other non-

photosynthetic tissues, the pericarp's non-photosynthetic 

plastids are totally dependent on an external source of 

ATP. It is implied that seed photosynthesis does not 

directly contribute energy to assimilate storage in the 

endosperm due to spatial separation between the 

endosperm and the photosynthetically active pericarp. 

The seed coat's ability to intercept and process light 

provides the seed with the ability to sense its 

surroundings, which is combined with the hormonal, 

metabolic, and other signals that are delivered to the seed 

through the phloem. This is one plausible explanation for 

the evolutionary significance of the seed coat's ability to 

retain photosynthetic capacity. Sugar is exported into the 

phloem as assimilate produced in the leaf. The growing 
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seed can benefit from the ability to predict when a sugar 

burst would arrive through the phloem, since this would 

allow the seed to quickly adapt to its storage product 

synthesis. The maintenance of strong circadian rhythms 

are significantly impacted by the photosynthesis. In this 

sense, maintaining seed photosynthesis can help adjust 

the metabolism of the seed to the amount and kind of 

light that the mother plant has access to [22, 23]. 

 

Emerging Applications 

The effectiveness and efficiency of crop 

protection strategies might vary from one growing 

season to the next, just as environmental and climatic 

variables [24, 25]. Second, a variety of context-specific 

elements, including the production, environmental, or 

institutional context, as well as the indicators employed, 

influence the journey from the adoption of measures to 

their actual impact on pesticide risk reduction the 

ultimate policy target. There will be a more or less direct 

correlation between pesticide risk reduction and several 

indices. Third, because pest control techniques 

frequently depend on one another, combining them may 

result in non-linear changes in efficacy and efficiency. 

As a result, the uptake of various bundles of measures 

may be evaluated differently from the uptake of 

individual measures or other practice combinations. 

Furthermore, there is a dearth of timely and reliable data 

on pesticide usage, which leaves us frequently in the dark 

about what farmers are doing, how, and where. These 

integrated techniques share the objective of ensuring 

high food production productivity and efficient pest 

control, minimizing negative effects on the environment 

and human health, and ensuring the economic 

sustainability of agriculture [25, 26].  

 

Various methods could permit the use of 

synthetic chemical pesticides either completely or in 

small amounts e.g. integrated pest management, 

agroecological crop protection. A combination of 

strategies, including preventive, biological control, 

agronomic solutions like field cleanliness and crop 

rotations, technical solutions like mechanical weed 

control and smart farming, and the use of resistant and 

adaptable cultivars, can be used to accomplish this. Due 

to variations in adoption criteria, costs, rewards, and 

dangers, alternative techniques may also have 

comparable effects on farmer adoption [24-26]. 

 

 
Fig-2: The molecular approaches for genetic transfer for new varieties 

 

Sharing information about new innovations and 

best practices is especially crucial because crop security 

is a complicated and ever-evolving topic. Because it was 

the empirical emphasis of the is derived, it concentrates 

on the dissemination of knowledge regarding crop 

protection techniques. Focusing on crop protection 

measures allows us to restrict our research to 

communication with a comparable sort of information, 

even if many of the applicable to transmission of other 

forms of knowledge [26, 27]. Furthermore, crop health is 

essential to crop production in order to maintain the 

yield's quality and quantity. 

 

Nowadays, the idea of integrated pest 

management, or IPM, incorporates other agronomic 

techniques, and the use of pesticides is the last resort. 

However, many farmers still use pesticides to protect 

their crops. Recommendations for the optimal use of 

crop protection information in agricultural methods have 

not been compiled. The process of putting research 

knowledge into practice is examined in further detail 

with a focus on the particular knowledge-to-action 

(KTA) gap that may from being used effectively [25, 26]. 

 

Host-induced gene silencing (HIGS), a 

technique that involves producing dsRNAs in plants to 

quiet key genes, has proved effective in increasing 

resistance to pests or diseases for a number of decades. 

HIGS technology is regarded as the best crop breeding 

technique because of its efficacy, environmental 

friendliness, and independence from resistant cultivars. 

However, many crop species lack transformation 
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technology, which restricts the wider use of HIGS. An 

age of RNAi-based biopesticides was crushed in by the 

alternative technique of spray-induced gene silencing 

(SIGS), which avoids crop modification [27, 28]. Only a 

small number of these sRNAs significantly reduced TF 

expression. The effectiveness of exogenous dsRNA 

treatment against tomato spotted wilt virus in plants 

varies depending on the area that is targeted. The natural 

cleavage hotspots in the 3' untranslated region (UTR) of 

the cucumber mosaic virus (CMV) genome revealed in 

order to design efficient RNA silencing and viral 

resistance in plants. High resistance to CMV is conferred 

by artificial microRNAs that target potential sRNA 

accessible target sites. sRNAs' positional influence on 

mRNAs using a reliable experimental methodology 

[29,30]. All things considered, dsRNAs' ability to target 

distinct places on the same RNA varies greatly. dsRNAs 

and dsRNAs isolated from virus-infected plants elicited 

the usual PTI responses, where dsRNAs act as conserved 

molecular patterns linked to microbes or pathogens. 

SERK1 and a certain dsRNA receptor, but not DCLs, 

were involved in the signalling cascade. There was no 

observable reactive oxygen species burst, in contrast to 

the bacterial and fungal elicitor-mediated PTI. 

Remarkably, viral movement proteins from several 

viruses inhibited the dsRNA-induced host response, 

whereas dsRNA-induced PTI limited the development of 

virus infection by inducing callose deposition at 

plasmodesmata. More research is required to determine 

if dsRNA-triggered plant immunity influences how well 

biopesticides work. Exogenous dsRNAs also use 

transfection reagents and high RNA concentrations to 

boost the innate immune response in animal models in 

vitro. The dsRNA-mediated innate immune response 

involves RNA helicases, dsRNA binding protein 

kinases, and toll-like receptors [29, 30]. 

 

Because the unprocessed dsRNAs are found in 

xylem vessels and the apoplastic space, high-pressure 

spraying and petiole adsorption were successful in 

preventing Fusarium crown and root rot without causing 

plant processing. Fungal DICER proteins will eventually 

break the dsRNAs into siRNA after the fungi have 

ingested them intact, improving the ability of systemic 

RNA interference to target fungal genes [31, 32]. When 

RNAi effects are elicited against insects to enable 

apoplastic RNA transport. RNAi must take place within 

the plant cell and permit symplastic RNA transport, 

which may be accomplished by high-pressure spraying, 

in order to produce RNAi effects against viruses and 

endogenous plant genes, in contrast to fungus and insects 

[33, 34]. 

 

The necessity of risk evaluations and dsRNA-

based product management is a significant component of 

topical RNAi use [32-34]. It outline a number of 

important factors to take into account when conducting 

risk assessments. Since dsRNAs can be used as an active 

component in biopesticides, which pose dangers akin to 

those of conventional pesticides, the risks associated 

with topical RNAi are distinct from those associated with 

conventional genetic alteration. If these 

nanotechnologies are to be commercialized, risk 

assessment and management factors that must be taken 

into account include possible environmental pollution, 

skin and respiratory irritation or injury, and more. 

However, possible off-target silencing effects on target 

and non-target species that might be triggered with 

sufficient sequence similarity between dsRNA and off-

target transcripts are the specific issues associated with 

RNAi silencing activities. As the technology enters the 

market, it is crucial to address the worry about potential 

off-target consequences to guarantee public support. To 

reduce off-target hits, RNAi target sequence designs 

should be extremely specific, homologous, and have 

very little sequence similarity to off-target transcripts 

[34, 35]. 

 

The functional RNA transfer between 

interacting species depicted the importance of RNA 

trafficking in host and microbe interactions. Fungal 

sRNAs enter host cells and Arabidopsis AGO1 to silence 

plant immunity genes, weakening host immunity to 

promote fungal infection. This phenomenon is known as 

cross-kingdom RNA interference (RNAi) and has been 

observed in the plant between the fungal pathogen 

Botrytis cinerea and the model plant Arabidopsis 

thaliana [35, 36]. DICER in most animals and DICER-

like (DCL) in plants and fungi are ribonuclease III 

enzymes that convert endogenously manufactured or 

exogenously supplied dsRNAs into 20-30 nucleotide 

long duplexes. Following that, the sRNA duplexes are 

loaded into certain cytoplasmic members of the AGO 

protein family. After then, the RNA duplex unwinds, the 

passenger RNA strand is released, and other proteins are 

recruited to form an RNA-induced silencing complex 

(RISC). After the RISC is imported into the nucleus, the 

retained guide RNA strand guides the RISC complex to 

either a DNA target or a complementary RNA target in 

the cytoplasm [36, 37].  

 

The length and structure of the dsRNA as well 

as the delivery method have an impact on its uptake 

illustrate a number of dsRNA chemical changes and 

delivery methods. The dsRNA must be released from the 

endosome after entering the cell by endocytosis in order 

to interact with the RNAi machinery (dcr-2 and RISC) 

and cause the targeted gene to be knocked down. After 

the endosome is acidified, endosomal release takes place. 

Low sensitivity to RNAi in Lepidoptera is caused by the 

absence of endosomal release of the dsRNA, according 

to research done with the autumn armyworm, Spodoptera 

frugiperda. The snf7 dsRNA provides yet another 

illustration of the possible of absorption in RNAi 

efficiency. Cross-resistance to other dsRNAs seen in 

resistance to snf7 dsRNA, and microscopy investigations 

revealed a connection between resistance and dsRNA 

uptake [38-40]. 

 

CONCLUSION AND FUTURE PERSPECTIVES 
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The drastic changes in crop protection are now 

required rather than the minor tweaks made to IPM, 

which favoured intensive agriculture, which relies 

heavily on monoculture and copious amounts of inputs, 

especially pesticides. The RNAi-based products, which 

target insects that are extremely sensitive to dietary 

absorption of dsRNA. However, there are still certain 

obstacles that prevent the use against a variety of insect 

species. The adoption of various formulation procedures 

that improve dsRNA persistence and cellular absorption 

in insects is expected to overcome these issues, which are 

mostly related to the varying RNAi sensitivity of oral 

RNAi in insects. 

 

CRISPR/Cas systems have emerged as the most 

widely used GE technology in recent years. Because the 

specificity of editing is determined by the nucleotide 

complementarity of the guide RNA to a particular region 

without the need for intricate protein fabrication, the 

CRISPR/Cas systems are more effective and simple for 

genome editing than other SDNs. As a result, 

CRISPR/Cas techniques can be used for functional study 

of genes. When used in agricultural development fields, 

GE may drastically save labor costs and other expenses 

while also greatly speeding up the insertion of desirable 

features.  

 

Notably, the CRISPR/Cas system has become 

the most popular and innovative SSN. Despite just being 

shown to be useful for editing the genome of plants, its 

uses in plants have grown significantly in comparison to 

other NPBTs. In many economically significant crops, 

including rice potato (Solanum tuberosum), tobacco 

(Nicotiana tabacum), soybean (Glycine max), and 

brassicas, research employing CRISPR has introduced 

significant agricultural traits, such as resistance to heat, 

cold, and herbicides; and increased grain size and weight. 

Crucially, it used transgene-free techniques to achieve 

such genomic modifications. 

 

The development of climate-smart crops, 

sometimes referred to as advanced breeding 

technologies, could employ CRISPR-Cas technologies 

to create both transgenic and non-transgenic agricultural 

varieties. Non-transgenic variations can be produced by 

transferring an allele from one variety of the same 

species to another or by creating null alleles by template-

free genome editing. This may be accomplished, for 

example, by transferring a drought-resistant gene from a 

wild type to a commercial line. Their products can be 

promptly introduced because the kinds created in this 

way are comparable to those created using traditional 

breeding methods. Transgenic crops are produced by 

inserting transgenes into predetermined locations using a 

template. Understanding CRISPR-Cas genome-edited 

crops beforehand is essential to their development. 

 

Compared to traditional breeding, new breeding 

methods allow scientists to swiftly and precisely 

introduce the required features. Genome editing with 

CRISPR/Cas9 is a fundamentally innovative method. 

Future research will focus heavily on the use of genome 

editing techniques to improve crops' production, 

nutritional value, disease resistance, and other 

characteristics. It has been widely used in various plant 

systems during the past years for functional research, 

biotic and abiotic stress management, and the 

enhancement of other significant agronomic features. 

The majority of the gap is preliminary and requires 

improvement, even though a number of changes to this 

technology must increase on-target efficiency. However, 

genome editing using CRISPR/Cas9 will become more 

common and a necessary method to get appropriately. 

 

Although several studies appear promising, 

before these RNAi products can rival the conventional 

chemical pesticides now in use for controlling a variety 

of insect species. 
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