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ABSTRACT 

In our agricultural world, the inefficient control of pathogens which cause diseases in 

plant yield, is still a very big issue. Although for controlling plant diseases classical 

means such as plant breeding exists but genetic engineering has provided us an entirely 

new approach. Genetically modified crops having resistance against diseases occupy less 

area as compared to those crops having resistance to “herbicide” or resistance to insects. 

Various approaches exist for making a plant tolerant against bacteria, virus, fungi and 

nematode. RNA interference (RNAi) technology has emerged as a new defense system 

to combat plant diseases by making plant transgenic having resistance against diseases. 

The major benefit of RNAi technology as Novel Gene therapy against bacterial, fungal 

and the viral infection clearly shows that it controls the gene expression by translational 

degradation or translational inhibition. The silencing process is triggered by the product 

of dsRNA such as small interfering RNAs (siRNAs) and micro RNAs (miRNAs). This 

targeted or specific gene silencing has enabled researchers to look after yields counter to 

detrimental microbes. This assessment is based upon the usage of RNAi. This is a 

deliberate approach in plant disease management for protecting our eye-catching world 

from the harmful pathogen invaders in eco-friendly mode. 
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Introduction 

Decrease in plant crop yield equally in quantity and quality is a crop loss that occurs in 

both pre harvest and post-harvest crops as a result of plant pathogens causing serious 

plant diseases [1]. The greatest threat to the world agriculture is due to the plant diseases 

causing significant yield losses in both agriculture and horticulture crops. In many 

developed countries including many parts of the world, the major limiting factor to world 

agriculture is losses due to diseases [2]. In plants, diseases are caused by infectious 

organisms (pathogens) and environmental conditions. Infectious plant disease causing 

organisms are Fungi, Bacteria, viruses, viroid, nematode, protozoa, phyto plasma and 

parasitic plants. All these are called as biotic agents of plant diseases. In plant diseases, a 

biotic agent include pollution, injuries, excess of nutrients and deficiency of nutrients. 

ProMED is an electronic reporting system that addresses the epidemics of evolving 

infectious illnesses worldwide. The major infectious organisms of plant diseases include 

bacteria, fungi and viruses as shown in figure below. It shows that virus causes 47% of 

plant disease, bacteria causes a lesser percentage of about 16%and fungi denote a much 

greater value about 30% of plant diseases [3]. 

 

 
 

Figure 1: Percentage of diseases caused by pathogens [3]. 

 

Climate changes are also playing a vital role in plant diseases development causing a 

significant reduction in yield. When crops exposed to ozone, it also resulted in yield loss. 

In National Crop Loss Assessment Network (NCLAN) a research was performed in 

order to study yield losses as a result of exposure to ozone [4]. 
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Figure 2: Ozone O3 and crop yield [5] 

 

The above results illustrate that dicot plant species (soybean, cotton and peanut) are more 

susceptible to crop yield loss triggered by ozone in contrast to monocot species such as 

(sorghum, field corn and winter wheat) [4]. 

Of the above-mentioned causes, there are certain diseases which are caused by micro-

organism transmission through insects either accidentally or by some vectors. Insects 

transmit vectors through following ways: 

(1) Insects get pathogens through infectious plant having bacterial and fungal spores 

while feeding on them or by passing through them.Spores attached to them because of 

their sticky nature and transferred them to other plants starting new infection. 

(2) Several insects get pathogens while feeding on sap where pathogens either replicate 

or not and reaches to mouth part during its circulation throughout the body where they 

enter in to saliva and transferred to other plant during feeding on new plant. 

Most of the diseases are caused by bacteria which are destructive to plants. There are 160 

disease causing bacterial species but most diseases caused by them are non-aggressive so 

they cannot penetrate in to stem but they can enter through natural or manmade wounds. 

These are of great concern because they affect the economy. Most common bacterial plant 

diseases are canker, bacterial blight, bacterial wilt and crown gall [6][7]. 

Viruses are particles small enough that cannot be seen through microscope. Plant viruses 

are obligate intracellular pathogens means they replicate inside their host and are 

pathogenic to higher plants. Plants cannot recover the viral infection through their life. 

They don’t cause plants death. They cause severe loss to economy and yield as well. 

Most common viral diseases are curly top (beet curly top virus), Alfalfa mosaic (alfalfa 
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mosaic virus), tobacco mosaic (tobacco mosaic virus), barley yellow dwarf, tomato 

spotted wilt, bud blight and cucumber mosaic [8]. 

Fungi are also microscopic organism having nucleus and cell wall but devoid of 

chlorophyll. Majority of the diseases occurring in plants are caused by fungi and results in 

plant death. These diseases include, downy mildew, club root, black spot, decay, dry rot, 

apple scab, white Rot and Powdery mildew [9]. Scientists are saving foods from diseases 

and extinction by using the interference RNA(RNAi). This process helps to combat pests 

and diseases, improve nutritional value, and reduce food wastes [10]. 

 

RNAi and Plant Disease management 

RNAi is a way to silence the gene expression in order to control more challenging 

diseases. To perform this process, a double stranded RNA is made and then introduced 

into the cell. Any mRNA having high sequence homology will be taken up and silenced. 

The application of this RNAi in gene silencing will result in protection of plants against 

diseases [11]. It was discovered in 1990 when R. Jorgenes was working on Petunia.  He 

was trying to make it deep purple. He over expressed the same gene but he got white 

flowers instead of purple due to turning off the over expressed gene. The response is 

known as “co suppression”. Same phenomenon was then found in plants and fungi. In 

1993 Victor Ambrose’s found that, the expression of large RNA is silenced because of 

the over expression of larger RNA. They thought that that the silencing effect may be due 

to base pairing of both RNAs and this ds RNA is not available to ribosomes hence, no 

RNA, no protein. In 1998 Fire and Mello were working on muscle protein of nematode. 

Through their experiment they explain the silencing effect of ds RNA. They also 

demonstrate that it could spread to whole organism and over generation [12]. There are 

two pathways for RNAi (i) Exogenous (it is mediated by siRNA). (ii) Endogenous (it is 

mediated by miRNA). Working with RNAi involves two main things; An Enzyme known 

as Dicer which cleaves the ds RNA in to siRNA thus activating the RNAi machinery and 

second is the Argonaut family proteins. 

Mechanism of RNAi involves four basics steps. The first step involves the transfer of 

dsRNA in cells having sequence homology with targeted gene. This dsRNA is taken up 

by enzyme dicer that can slice this dsRNA in to minor dsRNA. One of these dsRNA is 

taken up by argonaute protein which will cleave the one strand and take the other strand 

known as leading strand. Argonaute protein along with leading strand and other protein 

binds with a complex known as RNA induced silencing complex RISC. It will guide the 

leading strand towards the targeted gene and cause either translational inhibition or break 

down of targeted gene [13]. In RNAi based method used in plants for their protection, 

one of the major challenges is delivery of dsRNA that has potential to activate the 

interference RNA pathway in plants. According to different cells and tissues there are 

different methods for delivery of dsRNA which include transformation of dsRNA with 
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vector for selected gene by an Agrobacterium mediated transformation [11]. Argo-

infiltration proves to be very effective method to study interference RNA connected 

processes. In this method agrobacterium containing DNA constructs is injected in to 

intracellular spaces of leaves in order to activate the RNAi silencing process. It is also 

used to monitor the effects of suppressor genes. It works in a similar way just like 

Agrobacterium tumefaciens. It provides a very convenient, rapid and versatile method 

for achieving high level of gene expression [14]. The other strategy is micro-

bombardment. In this process a template either circular or linear is transferred to the 

nucleus via micro bombardment. In this procedure cells are bombard with micro 

particles coated with dsRNA which will initiate the RNA interference pathway. The gene 

silencing effect of interference RNA is detected after about 4,5 days of bombardment. 

The spread of dsRNA to other parts of plants where dsRNA has not delivered is takes 

place after a week of delivery [15]. 

 

Delivery of RNA  

Different strategies are used for delivery of dsRNA. One of the more common strategy is 

micro injection, although this strategy is good but not suitable for insect pest control 

because of certain limitations which are very technical and extremely challenging to 

accomplish [16]. Spray-able RNAi based products are under development and has been 

launched in the market. When dsRNA is delivered through spray, roots irrigation and 

microinjections result in presence of dsRNA transiently in plant tissues. In order to make 

permanent presence other delivery strategies were used which include delivery of 

dsRNA with the help of bacteria. Delivery with this method is less costly and produce 

large amount of dsRNA because of continuous supply of dsRNA is required to kill 

insects. 

Because of gene silencing effect of RNAi, it is most commonly used in crop protection 

by developing crop plants that are transgenic and have potential to provide protection 

themselves against insects that feed on them by expressing dsRNA. To perform this 

dsRNA is made homologous to essential gene of the insect and this dsRNA is then 

introduced in to the plant making plant transgenic. When insect feeds on this transgenic 

plant dsRNA taken up by the insect and activate its RNAi machinery, down regulation of 

essential genes of the insects resulting in retard growth or death of insect pest [17][18]. 

Essential genes are selected as target genes and dsRNAs which are homologous to this 

gene is made which will activate the RNAi machinery. These dsRNAs are cleaved by 

Dicer a RNASE III enzyme which produces a 21 bp long small siRNA (small interfering 

RNA). RNA induced silencing complex (RISC) binds to these siRNAs. Then RISC 

targets the corresponding mRNA with the assistance of guide strand of siRNA. 

Argonaute protein (Argo) existing in RISC complex cuts the target mRNA. Then this 

targeted cleaved mRNA is amplified by using RNA dependent RNA polymerase (RdRp) 
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to make dsRNAs, which can further come into RNAi passageway and amplify the signal. 

On the other hand, the signal amplification phase in insects is not so far greatly known. 

The major challenges occur during selection of target sequence and delivery of dsRNA. 

Some of thekey issues to be resolved are (I) Selection of target silencing gene for a 

particular disease and (II) Effective in-vivo delivery to efficiently deliver siRNAs into 

specific cell types. 

 

Economic aspects 

The worldwide economic losses that occur in perennial crops are due to a disease known 

as Crown gall disease which is caused by Agrobacterium tumefaciens, a soil bacterium. 

Two genes such as ‘iaaM’ and‘ipt’ onco-genes are required for tumor formation. Plants 

are made transgenic that were susceptible to this disease, for this purpose, a double 

stranded RNA was prepared which is a self-complimentary construct and upon 

expression, it activates RNAi (interference RNA) of ‘iaaM’ and ‘ipt’ onco-genes and by 

silencing these genes, we can make plant resistant to the disease[19]. 

Interference RNA is a way to silence any gene having high sequence homology to it. 

This process occurs in a variety of organisms like animals, plants, fungi and protozoa. In 

last few years one of the natural antiviral defense mechanism was discovered known as 

PTGS (post transcriptional gene silencing). This process provides protection to plants 

against disease caused by viruses. This process is activated in response to dsRNA formed 

during viral replication. Based on PTGS, many approaches have been developed in order 

to provide protection to plants against viral diseases. The introduction of dsRNA to made 

plant transgenic against viral diseases is also based on PTGS process. It is a new and safe 

tool which aimed to provide protection to crops against diseases [8]. 

Plants produce secondary metabolites in order to protect themselves but there are certain 

insects which have gain resistance against certain secondary metabolites. For example 

cotton bollworm has gained resistance to gossypol which is toxic to many animals and 

insects. The resistant is due to presence of P450 gene (CYP6E14). A double stranded 

RNA against this gene was made and introduced in to plants. When larva was fed on 

transgenic plant expressing dsRNA specific to CYP6AE14gene, level of this transcript 

becomes lowered in the mid gut and resulted in retarded growth of cotton bollworm [20]. 

Citrus, which is one of the economically essential fruit crops, is severely damaged due to 

a disease called citrus canker which is caused by a bacterial specie,Xanthomonas 

citrisubsp. citri (Xcc), dsRNA having sequence homology with essential genes of 

pathogen like phytoene desaturase (PDS) and the other callose-synthase (CalS1 will 

result in silencing of these genes. Silencing of CalS1 gene provide protection against 

Xanthomonas infection. As accumulation of H2O2 was suppressed during infection in 

citrus plants due to pathogenesis, in plants with silent CalS1 contribute to inhibition of 

Xanthomonas growth [21]. The pathogenic strains of Xanthomonas campestrispv. 
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vesicatoria (Xcv) also cause citrus Canker disease in pepper and tomato. The pathogenic 

effect is due to presence of Bs2 gene. A dsRNA was made against this gene and 

introduced in plants. Interference RNA (RNAi) silent this gene and hence provide 

protection against the disease [22]. 

The greatest amount of yield loss to a variety of crops is caused by a pathogen known as 

Fasariumoxysporum. In order to provide protection from this devastating pathogen host 

delivered (RNAi) technology is used. While using this technique three essential genes 

FOW2,FRP1 and OPR of fungus F. oxysporum are silent. For this purpose, scientist 

achieved expression of dsRNA homologous to essentials genes of fungus in transgenic 

Arabidopsis plants. The fungus infecting the transgenic plants showed a reduced level of 

mRNA on these three genes. Thus, all the transgenic plants got the ability to fight with 

infection by silencing the essential genes which are responsible for causing disease and 

growth of pathogens. This down regulation of genes as a result of host derived RNAi, 

provides resistance to crops against disease. 

Soya bean is a major source of protein and oil production worldwide. Its traits have been 

improved via genetic transformation. Soya bean mosaic is a viral disease affecting this 

crop. In order to provide protection to this crop RNAi (interference RNA) technique is 

used. Transgenesis is done by introducing HC-Pro coding sequences inside RNA 

interference (RNAi) making a hairpin structure by Agrobacterium-mediated gene 

transfer. All transgenic plants showed good RNAi response to soyabean mosaic infection 

upon attack of virus to transgenic plants [23]. 

Cotton (Gossypiumhirsutum) is the world’s most important oil and fiber crop. It is 

affected by a soil borne fungi causing a disease known as Verticillium wilt (VW). The 

Interference RNA (RNAi) approach cause the silencing of essential genes of pathogens 

such as genes controlling growth, pathogenicity etc. In the case of Verticillium wilt the 

gene controlling pathogenicity is VdRGS1. RNAi based host gene silencing target this 

gene and makes cotton plants resistant to Verticillium Wilt disease [24]. 

White Stem rot is a crop disease which causes a large number of crop losses throughout 

the world. It is caused by Sclerotinia sclerotiorum. This disease is controlled by 

interference RNA based host gene silencing. For this purpose a double stranded RNA 

molecule homologous to essential genes of fungi resulting in retarded growth of 

fungi, which ultimately prevents the disease and crop loss [25]. 

Mycotoxin, aflatoxin, patulin and 4-deoxynivalenol are toxic materials produced by 

fungal pathogens belonging to genera such as Aspergillus, Penicillium and Fusarium. 

These toxic materials are of great concern in crops because presence of such toxic 

materials reduces the value of crops. Interference RNA (RNAi) based host gene 

silencing is performed in order to silent the essential genes of pathogen such as genes for 

toxin production, virulence and growth. This is the pre harvesting approach [26]. 
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Agricultural Risk Assessment of RNAi 

Transgenic RNAi-based methodologies has some key concern related to the 

improvement of plants with enhanced agricultural qualities is to have off-target effects 

(OTEs) [27][28][29]. Still not ultimately demonstrated, OTEs could badly influence 

human and animal healthcare because of the suppression of gene. It is also concerned 

that in plants with respect to OTEs which can cause bad effects on agronomic 

performance and harvest quality. In 2014, Environmental Protection Agency (EPA) of 

USA organized a scientific advisory board to elaborate all the questions from which a 

report was made about pesticidal products using RNAi technology including the 

potential effects to human health and environment risk assessment. In short, the advisory 

board decided that there is no considerable indication about consumed dsRNA plant-

incorporated protectants (PIPs) or naturally present plant miRNAs are captivated 

commencing mammalian intestine in particular arrangement which induces physiological 

complicated effects. But the advisory board suggested that the EPA will conduct 

investigational analysis of mammalian blood and wide-open tissues to make sure that 

siRNAs administered by dsRNAs are not exist which may cause OTEs and further 

investigate to ensure stability of various structural arrangements of dsRNAs to know 

about the probability of dermal or inhalation ways of introduction. If dsRNAs could 

affect mammalian intestine bacterial amount allowing for the systematic dissimilarities 

between eukaryotic RNAi and prokaryotic CRISPR/Cas system that is problematic [30]. 

The EPA concluded that additional information is required to decrease ambiguity in 

ecological providence and environmental risk assessments. If the plant product pass 

through high industrial processing before intake, or, if GM plants expressing dsRNA 

PIPs are utilized for bioenergy productions but not for consumption then OTEs of 

siRNAs shouldn’t be a worry as siRNAs and naturally present miRNAs to be expected 

degraded in mammals. The effectiveness of RNAi-mediated silencing of some target 

mRNAs could be a problem by copy number effects of the RNAi transgene. Incorporated 

transgene cassettes may also experience transcriptional gene silencing because of multi-

copy T-DNA integration at a particular site nearby to hypermethylated areas of the host 

genome [31]. 

 

Discussion and future Prospects 

As most of the diseases to plants are caused by pathogens resulting in crop loss either 

quantitatively or qualitatively. In past, various methods were performed to control 

pathogenic diseases in order to prevent the crop loss. One of the most commonly used 

methods was the use of chemical, which prevents the diseases but pollute the 

environment and are very harmful for human health and for agriculture. In 1986, plants 

having resistance against pathogens introduced a concept of disease resistant plants, 

which could silent the specific gene of the pathogen required either for pathogen 
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development or for pathogen growth. This gene silencing is also known as “switching 

off”’. Gene silencing is occurred either at transcriptional level or translation level. After 

this a large number of strategies used for making plants resistant. One of the most 

commonly used pathways is interference RNA (RNAi) a method to make plants 

resistance against diseases by killing or inhibiting the growth of disease-causing agents 

through its silencing effect. 

RNA Interference (RNAi) is very important because it exists naturally and performs 

biological roles which include stability of genome against transposable elements and 

defense mechanism as well. By using RNAi many bacterial, fungal, viral and nematode 

based diseases are treated in order to protect crops yield. RNAi is used as a major tool 

for targeting genes in fungi. This type of gene silencing which involves homology-based 

silencing is used for many fungal species such as Cladosporiumfulvum, 

Venturiainaequalis, and Neurosporacrassa. Just like fungal disease management RNAi 

is also used for management of bacterial diseases. For example, crown gall disease is a 

bacterial disease which is also controlled by initiating RNAi of the ‘iaaM’ and ‘ipt’ 

oncogenes as disease management strategy. These two genes are involved in the 

formation of tumor. Transgenic plants having RNAi construct against these two genes 

are resistant to crown gall disease. In most parts of the world significant damage to crops 

like cereals, vegetables and legumes is caused by plant parasitic nematode. In order to 

get effective control of these parasitic nematodes a strong defensive strategy is required 

which cannot gain through conventional process.  

The discovery of RNAi technology has proved very effective for treating these parasitic 

nematodes. It involves two approaches; (I) Target essential genes of plant that take part 

in infectious process, (II) Target essential genes of nematode [32]. RNAi technology is a 

new dimension in the plant disease management. It also provides benefits to crops from 

the many other ways like it reduces the production of undesirable traits, it improves the 

both nutritional value and quality of crops, its commercialized products include non-

browning apples, decaffeinated coffee, nicotine-free tobacco and soybeans with less 

saturated fat. It is also helping in to produce crops having lower levels of naturally 

produced toxin such as gossypol in cotton and linamarin in cassava. It is playing a vital 

role in increasing the crops tolerance against stress, temperature and pressure. Future 

directions will focus on developing finely tuned RNAi-based gene silencing vectors that 

are able to operate in a temporally and spatially controlled manner. Further research in 

this field should be focused on a number of other areas including microRNAs, hairpin 

RNA and promoter methylation. It is expected that in plant disease management this 

technology will create a new era. Its application will be extends to the commercial 

product in agriculture crops, at the same time further feasibility studies are needed for its 

wider application in future. 

 

http://croplife.org/news/arctic-apples-consumers-warm-up-to-non-browning/
http://croplife.org/news/arctic-apples-consumers-warm-up-to-non-browning/
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Conclusion 

The Manipulation of new RNAi pathways, which generate small RNA molecules to 

amend gene expression in crops, can produce new quality traits and having better 

potentiality of protection against biotic stresses. In agriculture, one of the major 

problems is plants diseases. The occurrence of plant diseases in agriculture could be 

prevented or excluded only if any preventive strategy exists. Classical breeding is a 

powerful process that produces plant variants that has increased resistance against 

diseases. But it has certain limitations like it is time consuming and costly, sometimes 

crop quantity and quality may also be compromised. In contrast to this, genetic 

manipulation is a fast method to produce plants that has resistance against diseases. One 

of the major strategies of genetic manipulation is RNAi (interference RNA) silencing. 

Those transgenic plants that express RNAi pathway are very effective to resist 

pathogenic infections. It is a molecular strategy which is used by plants to fight with 

pathogens. Thus, the reduction of crop losses (caused by pathogens) with RNAi based 

approach is very effective. It is a very efficient gene knockdown technology used in 

agriculture in order to treat plant diseases. It is very helpful for genetic improvements, 

for new discoveries in the field of controlled gene expression, host defense and 

development. One of the most exciting features of RNAi technology that makes it 

effective is the silencing of target gene. However, recent advances have brought high 

expectations for the future role of RNA-mediated resistance in crops. 
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