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Abstract
RNA interference (RNAi) is a promising gene regulatory approach in functional genomics that has
significant impact on crop improvement which permits down-regulation in gene expression with
greater precise manner without affecting the expression of other genes. RNAi mechanism is
expedited by small molecules of interfering RNA to suppress a gene of interest effectively. RNAi
has also been exploited in plants for resistance against pathogens, insect/pest, nematodes, and virus
that cause significant economic losses. Keeping beside the significance in the genome integrity
maintenance as well as growth and development, RNAi induced gene syntheses are vital in plant
stress management. Modifying the genes by the interference of small RNAs is one of the ways
through which plants react to the environmental stresses. Hence, investigating the role of small
RNAs in regulating gene expression assists the researchers to explore the potentiality of small
RNAs in abiotic and biotic stress management. This novel approach opens new avenues for crop
improvement by developing disease resistant, abiotic or biotic stress tolerant, and high yielding
elite varieties.
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Introduction
RNA interference (RNAi) is a biological mechanism which leads to post transcriptional gene silencing (PTGS) trigger by double stranded RNA (dsRNA)
molecules to prevent the expression of specific genes
[1, 2]. RNAi mechanism has the potential in identification and functional assessment of thousands genes
within any genome that is responsible for crop improvement. This promising approach also imparts its
effective and efficient role to knock down the expression of any particular gene through short interfering
RNA molecules in any target cell and moreover to
assess the changes that occur in signaling pathways.
Recently, RNAi has become a powerful and more
reliable technique to inhibit the expression of targeted
genes and also determine gene loss-of-function phe-

notype which leads to gene functional analysis when
no mutant alleles are unavailable [3]. RNAi technique
was first time applied on Petunia hybrida L. plants to
enhance anthocyanin pigment through introducing
chalcone synthase gene (chsA) [4]. New pattern of
flower color in transgenic Petunia was observed due to
overexpression of chsA gene that encodes major enzymes in anthocyanin biosynthesis pathway [5].
RNAi mechanism is expedited by small molecules of interfering RNA to express a gene of interest
effectively. Several methods to induce RNAi, RNAi
vectors, in vitro dicing and synthetic molecules are
reported [6, 7]. Introduction of short pieces of double
stranded RNA (dsRNA) and small interfering RNA
(siRNA) into the cytosol, initiate the pathway culmihttp://www.ijbs.com
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nating targeted degradation of the specific cellular
mRNA (Figure 1). During RNAi mechanism, silencing
initiate with enzyme Dicer and dsRNA is processed to
convert the silencing trigger to ~22-nucleotide, small
interfering RNAs (siRNAs). The antisense strand of
siRNA become specific to endonuclease-protein complex, RNA-induced silencing complex (RISC), which
then targets the homologous RNA and degrade it at
specific site that results in the knock-down of protein
expression (Figure 2) [6, 8, 9].

RNAi for plant disease resistance
Pathogens can cause huge reduction in crop
yield that can have a significant negative economic
impact and also they are threat to wipe-out the entire
plant species. Plant pathologists and plant biotechnologists have adopted different approaches to develop pathogen resistant genotypes but in last decade
RNAi-induced gene silencing emerged as an effective
tool to engineer pathogen resistant plants [10]. This
approach proved to be effective to create resistance
against some diseases of economic importance caused
by bacteria, fungi and viruses [11]. Double stranded
RNA (dsRNA) act as an igniter in RNA interference
and activate the homologous mRNAs to inhibit its
translation and transcription to silence the susceptible
genes [12]. This RNAi approach has opened new avenues in the development of eco-friendly techniques
for plant improvement as specific genes are suppressed which cause stress and expression of novel
genes for disease resistance.

Figure 1. Model of Dicer and RNA-induced silencing complex (RISC) A. silencing
initiate with enzyme Dicer and dsRNA is processed to convert the silencing trigger to
~22-nucleotide, small interfering RNAs (siRNAs), B. Dicer binding and cleaving
dsRNA (*Cleavage into precisely sized fragments is determined by the fact that one of
the active sites in each Dicer protein is defective. Different colors show two separate
molecules of Dicer). Reprinted by permission from Macmillan Publishers Ltd: Nature,
418: 244-251, (2002)

Figure 2. Diagrammatic representation of mechanism of RNAi. Silencing triggers in the form of double-stranded RNA presented in the cell as synthetic RNAs, replicating viruses
or transcribed from nuclear genes. These are recognized and processed into small interfering RNAs by Dicer. The duplex siRNAs are passed to RISC (RNA-induced silencing
complex), and the complex becomes activated by unwinding of the duplex. Activated RISC complexes can regulate gene expression at many levels. Reprinted by permission from
Macmillan Publishers Ltd: Nature, 418: 244-251, (2002)
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Host gene silencing -hair pin RNAi
(HGS-hpRNAi) is reported as more stable gene silencing method in plants [13]. This method can be
employed to increase fungal and bacterial disease
resistance by changing the gene expression against
pathogens through genetic engineering in the host
plant. Flagellin (a bacterial component) can stimulate
the expression of specific miRNA to increase disease
resistance signaling pathway in Arabidopsis [14].
Over-expression of a gene AtFAAH in Arabidopsis,
responsible for fatty acid (N-acylethanolamines) metabolism can alter phyto-hormone signals through
intersecting with plant defense pathways to increase
resistance against bacterial pathogens [15]. In rice,
RNAi can knockdown OsSSI2 (OsSSI2-kd), meant for
fatty acid desaturase activity that cause increase resistance against bacterial pathogen (Xanthomonas oryzae pv. Oryzae) of leaf blight and blast fungus (Magnaporthe grisea) [16]. siRNAs proved effective against
the crown gall disease in Arabidopsis, Nicotiana and
Lycopersicum species caused by a pathogen Agrobacterium tumefaciens by transformation of inverted repeats
of this pathogen genes ipt and iaaM to encode precursors of biosynthesis for auxin and cytokinin [17].
Gene silencing can be obtained by host-induced gene
(Avra10), that results in limited fungal disease attach
in wheat (Triticum aestivum) and barley (Hordeum
vulgare) through a transient gene expression resistant
to RNAi because of silent point mutations. This suggests that the transfer of RNA from host plant to
fungal pathogen Blumeria graminis, leads to
RNAi-based plant protection against these pathogens
[17].
RNA silencing also employs as a natural antiviral defense mechanism to cause resistance against
viral diseases by virus-induced gene silencing [18].
RNA silencing hosts target protein translation and
process the virus-mediated dsRNA, which results by
pathogen replication into vsiRNAs (virus-mediated
siRNAs). The vsiRNAs then target and suppress gene
expression and protein translation in the virus genes.
For stabilization of the defense system, virus encodes
‘viral suppressor of RNA silencing protein’, that has
been identified and isolated from various plant virus
[19]. Scorza et al. (2001) revealed for the first time
RNAi role for virus resistance in woody perennial
species and produced Plum pox virus (PPV) resistant
plants containing the PPV coat protein gene [20].
Plants can also control viral diseases by RNAi and
reveal resistance when having proper anti-sense or
hairpin RNAi constructs [21].

RNAi for plant insects/pests resistance
Plant breeders and biotechnologists are using
different approaches to develop insect/pest resistant
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varieties. Although classical breeders have been developed various insect/pest resistant cultivars, however, this approach is tedious and time consuming as
complexity increases with some added traits. The
practice of using pesticides to control pests has become a common approach around the world, but
having dramatic health and environmental effects its
use seems to be very limited in coming years. Among
transgenic approaches to control specific insect/pest,
Bt-based toxins proved effective and replaced chemical insecticides in many crops. Most of the commercially used biotechnological approaches to control
insect/pests on crops are subjected to expression of Bt
insecticidal proteins which help in the permeabilization of gut epithelial cell’s membrane in susceptible
insects [22, 23]. However, this approach is limited for
some specific crops to manage some specific pests,
and there is also a threat that some insects can develop resistance against Bt [24]. After the successful
induction of transgene-encoded RNAi in plants [25],
biotechnologists speculated about crop protection
from insects through genetic-engineering to exhibit
dsRNAs target insect genes and recently, application
of dsRNA for knocking specific genes has been
well-documented (Table 1).
RNAi offers robust and more selective pathway
for battling with various destructive insect/pests that
cause significant economic losses. Mao et al. (2007)
reported a new strategy about plant-mediated herbivorous insects RNAi, which describes the suppression of a critical insect-gene through insect feeding on
plant engineered to develop a specific dsRNA that can
prompt dissection of gene functions in these insects
[26]. They further revealed the herbivorous insect
RNAi efficiency can be stimulated by ingestion of
transgenic dsRNA producing plants that is
gene-specific and proved effective against cotton
bollworms (Helicoverpa armigera) damage. A gene
‘CYP6AE14’ was identified in Helicoverpa armigera
[26]. This identified gene expressed in the insect
midgut was correlated with larva growth when food
contains gossypol. Therefore, after feeding on plant
material exhibiting dsRNA specific to gene
‘CYP6AE14’, the effect of the transcript decreased in
midgut and larva growth also retarded [26]. The gene
silencing of ‘glutathione-S-transferase’ (GST1) can
trigger RNAi process when herbivorous insects feed
on plant material expressing dsRNA [26]. When
dsRNA was injected in whitefly body cavity, RNAi
was induced that knocked-down the genes expression
to 70% in midgut as well as salivary glands of whitefly
[27]. RNAi-mediated death of whitefly via oral dissemination of dsRNA, targets ADP/ATP, translocase,
a-tubulin, ribosomal protein L9 actin ortholog and
v-ATPaseA genes responsible for insects mortality
http://www.ijbs.com
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Interference in expression of the targeted genes
results various phenotype disturbances viz. stunted
growth, moulting defects, and insect mortality [29].
Baum et al. (2005) demonstrated in western corn
rootworm (WCR) ingestion of dsRNAs provided in
diet can trigger the RNAi which result in stunted larva growth and their death [30]. They further revealed
that transgenic corn plants which are engineered for
WCR dsRNAs expression exhibited a substantial reduction in insect damage that suggests RNAi pathway is effective and can be exploited further to control
coleopteran insects [30]. This mechanism was also
practiced in Acyrthosiphon pisum for silencing of a gene
C002 expressed in insect salivary glands that proved
lethal for pea aphids [31]. Later on, Pitino et al. (2011)
used this approach to silence genes: Rack-1 and
MpC002, expressed in salivary glands and gut tissues
of Myzus persicae (green peach aphid) and reported
that knock-down of these genes reduced aphid proliferation [32].
RNAi has also been exploited in plants to develop resistance against nematodes [33, 34] and this
approach has appeared as a novel tool to control plant
parasitic nematodes [35]. dsRNAs can be produced
through engineered plants that have the ability to
silence target genes in nematode body. The delivery
of dsRNAs from plant to nematode occurs by the ingestion process of plant cytoplasm and after its injec-

tion into the nematode body accelerate the RNAi that
results in inactivation of targeted genes through
dsRNA [36]. Nevertheless, to target host genes destined for interaction, efficient regulation of dsRNA
triggers expression is a prerequisite that will reduce
the negative effects on plant growth and development
and it also necessitate identification of nematode-responsive promoters. In plant-parasitic nematodes, it is important to understand the RNAi mechanism for loss-of-function nematode phenotypes
through effective gene silencing. Transgenic plants
producing RNAi triggers expression of nematode
targets proved more effective against root knot nematode compared with cyst nematode [37]. It has been
reported that in vitro ingestion of 16D10 dsRNA gene
results the target parasitism gene silencing in root
knot nematodes and reduced nematode lethality,
whereas, in Arabidopsis, in vivo expression of 16D10
dsRNA gene also increase the resistance against four
species of root knot nematodes. Since, there is no single natural resistant gene known against root knot
nematodes, expression of dsRNA to silence target
genes for disruption of the parasitism effect significantly proved a sustainable approach for robust RKN
resistant cultivars [38]. RNAi permits the molecular
determinants regarding parasitism and also can make
it possible to identify novel specified targets vital for
survival of nematodes and thus leads to the development of efficient control methods [37].

Table 1. Use of RNAi technology in various plant species against different insect/pests and pathogens.
Crop
Arabidopsis thaliana
Oryza sativa L
Prunus domestica L.
Gossypium hirsutum
Nicotiana rustica
Zea mays
Medicago sativa
Nicotiana
benthamiana and Arabidopsis thaliana
Nicotiana rustica

Insect/Pathogen
Meloidogyne species
Magnaporthe grisea and
Xanthomonas oryzae pv.
oryzae
Plum pox virus (PPV)

Objective
Targeted genes
16D10
Utilization of RNAi to silence the parasitism gene
Functional analysis of a rice homolog SSI2 (OsSSI2) for OsSSI2
disease resistance

Reference
[8]
[16]

To exploit the role of PTGS (RNAi) for virus resistance
in a woody perennial species
Helicoverpa armigera
Silencing a cotton bollworm P450 monooxygenase
gene by plant-mediated RNAi
Bemisia tabaci
Enhanced whitefly resistance via expressing double
stranded RNA
Diabrotica virgifera virgifera Control of coleopteran insect pests through
LeConte
RNA interference
Acyrthosiphon pisum
RNAi knockdown of a salivary transcript
Myzus persicae
To develop the plant-mediated RNAi technology for
aphid resistance

PPV coat protein gene

[20]

Cytochrome P450 gene (CYP6AE14)

[26]

v-ATPaseA

[29]

Genes encoding proteins

[30]

C002
M. persicae Rack1,
M. persicae C002 (MpC002)

[31]
[32]

Helicoverpa armigera

EcR

[34]

CTV-CP

[83]

Tryptophan mono-oxygenase (iaaM)
and isopentenyl transferase (ipt)
iaaM, iaaH, and ipt

[84]

NlHT1, Nlcar, Nltry

[86]

GFP transgene and
tri-hydroxy-naphthalene reductase
gene (THN)

[87]

Citrus aurantifolia

Citrus tristeza virus (CTV)

Juglans regia L.

Agrobacterium tumefaciens

Genus Malus

Agrobacterium tumefaciens

Oryza sativa L.

Nilaparvata lugens

Genus Malus

Venturia inaequalis

Improvement of pest resistance in transgenic tobacco
plants expressing dsRNA
Transformation to generate transgenic plants carrying
the coat protein gene of CTV
Application of oncogene silencing technology in the
generation of crown gallresistant crops.
To provide effective method to produce crown gall
resistant apple plants
Knockdown of midgut genes by dsRNA-transgenic
plant-mediated RNA interference
To use to hairpin vector approach for resistance
against V. inaequalis

[85]

http://www.ijbs.com
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Plants armed with dsRNA prevent the insect/pests damages, as the transgenic cultivars that
produced dsRNAs can target certain genes in insect
tissues to reveal dominance in gene expression and
caused their mortality [26, 39]. A robust RNAi pathway proved to be effective against different insects
and pests which have open new pathways for crop
protection by developing insect resistant cultivars of
commercially important plants. Nevertheless, the
success of the RNAi approach to control notorious
insect/pests is mainly co-related with the wise
screening system for target gene selection and an appropriate delivery mechanism [40].

RNAi for crop quality improvement
Traditionally, tremendous improvement in the
crop quality has been done through conventional
breeding, but this approach is time consuming and
labor intensive. With the revolution in genetic engineering, biotechnologists were enthusiastic to employ
this technology for improved crop quality and its nutritional status. RNAi, being a novel approach has
great potential to modify the gene expression in
plants for better quality traits and nutritional improvement in different crops. This approach facilitates
the target gene and relative pathway identification
and development of vectors for RNAi constructs for
transformation and evaluation of lines for screening
quality traits [41]. Seedless-ness is a desired quality
trait of fruits and vegetables and RNAi can play a key
role in achieving this goal. RNAi enables repression of
gibberellic acid and auxin signal pathways after a
reduction in the level of SlARF7 transcript responsible
for pollination and fertilization in tomato plants [42].
These results by-pass the auxin signaling-fertilization
pathway that leads to the development of parthenocarpic fruits having great commercial value. Carotenoid’s production such as β-carotene and lutein were
reported higher in potato through gene silencing of
β-carotene hydroxylase [43]. The post-harvest life can
enhance by knowing-out genes responsible for ethylene production in tomato [44]. This was achieved
through introducing dsRNA and blocking the gene
expression of ACC-oxidase which significantly reduced the ethylene formation and enhanced shelf-life
in tomato. RNAi suppression of α-mannosidase and
β-acetylhexosaminidase associated with fruit softening also increased the shelf-life in tomato fruits [45].
Increase in amylose contents in wheat by suppressing
two genes (SBEIIa and SBEIIb) meant for
starch-branching enzyme was well demonstrated by
[46]. Whereas, in maize, it was used to knock-out the
storage protein that had low lysine ratio (22-kD maize
zein) [47]. RNAi could be exploited as a metabolic
engineering tool for the production and synthesis of
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commercially valuable plant products such as alkaloid production (codeine, quinine, vincristine, scopolamine), biosynthesis of essential oil and flavoring
agents (vanillin) [41].

RNAi for abiotic stress tolerance
Abiotic stress is a serious hazard for the life on
earth, particularly plants whose growth and yield
affected negatively. It is accepted as a chief source for
crop devastation with respect to loss in quality and
quantity as well as considered a tremendous constrains in productivity [48, 49]. It has been reckoned
that nearly seventy percent of crops yield diminution
is the direct consequence of abiotic stress [50]. In addition, climate alteration has aggravated the regularity and harshness of several abiotic stresses, principally elevated temperature and drought, with considerable reductions in yield of main cereals like
maize, wheat and barley [51]. Years of selection and,
in recent times, manipulation of the genetic architecture of crops for adaptation to abiotic stresses have
been indispensable to ameliorate productivity, yield
stability, and quality of product in food and fodder
crop species [49]. Plants have adapted numerous
physiological, bio-chemical and metabolic approaches
for the purpose of encountering the abiotic stresses.
Normally, it is tricky to envisage the complicated
pathway of signaling that are stimulated and turned
off in response to different abiotic stresses [52]. Classical techniques of breeding crop plants with greater
tolerance to abiotic stresses have until now achieved
inadequate success [53, 54]. It is because of a number
of casual factors, including: (1) yield was the major
focused of breeders rather than explicit traits; (2) the
complexities in tolerance traits breeding, that include
complications commenced by genotype × environment; and (3) intended traits could only be incorporated from the species that are closely related [54].
Transgenic methods are one of the numerous tools
offered improvement in modern plants breeding
programs. Gene detection and functional genomics
programs have discovered innumerable protocols and
gene families, which insure higher production and
adjustment to abiotic stresses. These groups of genes
can be incorporated into innovative arrangement,
expressed ectopically, or delivered to the crops that
are lacking these genes [49].
Molecular marker techniques are helpful to elucidate stress related traits by quantitative trait locus
(QTL) mapping in order to locate the individual loci
through marker-assisted selection [55]. Genomics entails genome study; transcriptome, including functional and structural examination of coding and
non-coding RNA, protomics concerns with the formation of protein and post translational protein alhttp://www.ijbs.com
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teration together with their pathway of regulation and
metabolism that offer a commanding tool in discovering the intricate network contributed in stress tolerance [56]. RNAi is an ultimate appealing and an
invigorating phenomenon in which short double
strand RNA (dsRNA) averts the specific gene expression by inducing degeneration in the chain sequence
of particular target messenger RNA in the cytoplasm.
Current findings manifested that RNAi is playing an imperative role in abiotic stresses stimulation
in different crops. The function of miRNAs (microRNA) in relation to abiotic stress like oxidative
stress, cold, drought, and salinity were reported by
Shaker and Zhu (2004) [57] in Arabidopsis plants under
various abiotic stress and confirmed miR393 was
sturdily up-regulated when exposed to higher salinity
levels, dehydration, cold, and abscisic acid (ABA).
Additionally, miR402, miR319c, miR397b, and
miR389a were controlled by abiotic stress under varying levels in Arabidopsis [58]. RNAi technology may
be a substitute of complex molecular techniques because of containing several benefits: its specificity and
sequence-based gene silencing. This ability of RNAi
has been efficaciously utilized for incorporating desired traits for abiotic stress tolerance in various
plants species [58].

Drought stress tolerance
Drought is the most momentous ecological stress
on agriculture production round the world and tremendous attempts has been made by plant scientist to
increase productivity of crops in order to cope with
diminishing water availability [59]. The potential of a
plant to uphold enough water balance inside the tissues (turgor/turgidity) when faced a drought condition is an indication of drought tolerance. Gene expressions
investigation
has
depicted
that
drought-specific allele could be classified into three
major groups: (1) genes implicated in signal transduction pathways (STPs) and transcription process;
(2) genes involved in protection of protein activity
and membrane; and (3) genes facilitating the ion uptake and water transport [60-63].
In relation to drought responses, miR159 were
reported in triggering the signaling of hormone in
Arabidopsis [64]. Furthermore, miR169g and miRNA393 genes have been observed in rice crop which
were stimulated under drought conditions [65].
Among genetically engineered plants the rice exhibited gene expression of RACK1 inhibition caused by
RNAi, which explained the potential role of RACK1 to
drought stress in rice crop. The transgenic rice was
observed with a superior level of tolerance in contrast
to non-transgenic rice plants [66]. In many plants such
as Arabidopsis, Populus trichocarpa, and Oryza sativa the
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miRNA expression profiling has been performed under drought stress. miR169, miR396, miR165, miR167,
miR168, miR159, miR319, miR171, miR394, miR393,
miR156, and miR158 were made known to be
drought-responsive [67].
Analysis of miRNAs and genome sequencing
profiling were executed in drought-studied rice at a
various range of growth stages, from tiller formation
to inflorescence, utilizing a microarray platform. The
results suggested that 16 miRNAs (miR1126, miR1050,
miR1035, miR1030, miR896, miR529, miR408, miR156,
miR171, miR170, miR168, miR159, miR397, miR396,
miR319, miR172 and miRNA1088) were remarkably
involved in down regulation in response to drought
stress [67].
In contrast, 14miRNAs (miR1125, miR159,
miR903, miR169, miR901, miR171, miR896, miR319,
miR395, miR854, miR851, miR474, miR845, and
miRNA1026) were found in up-regulation under
drought stress. Few miRNAs gene families, like
miR319, miR896, and miR171 were recognized as both
up- and down regulated groups [68]. In Populus,
miR1447, miR1445, miR171l-n, and miR1446a-e has
been identified as a drought-responsive [69]. In P.
vulgaris, miR2119, miR1514a, and miRS1exhibted a
gentle but obvious increase in accretion upon drought
treatment, on the other hand, the accumulation was
higher for miR2118, miR159.2, and miR393 in reaction
to the identical treatment [70]. miR169 found
down-regulated in the roots only when studied in
Medicago truncatula, while miR408 and miR398a,b
were highly up-regulated in roots as well as shoots
also under drought stress [71]. In recent studies,
miRNA expressing patterns of drought tolerance wild
emmer wheat in relation to drought-stress explored
by utilizing a plant miRNA microarray platform [72].
At the same time, up regulation throughout drought
stress in maize crop has been studied by miR474,
which interact with proline dehydrogenase (PDH)
[73].

Salt stress tolerance
Our planet has copious amount of salt in soil that
limits the agricultural productivity, as it has been estimated that 20% of agricultural land is salt-affected,
tremendously decreasing efficiency of the production
potential of germplasm. Meanwhile, soil salinity is
designated a serious threat due to reduction in available irrigation water quality [74]. Tolerance to salinity
is a poly genic character, in many crops such as, rice,
soybean, wheat, barley, tomato, and citrus its quantitative trait loci (QTL) have been identified [75].
Genetic techniques presently being used to enhance tolerance against salinity with the help of using
bioinformatics, functional genomics, and genetic varhttp://www.ijbs.com
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iations either through selection in stressed environments or via QTLs mapping followed by marker assisted selection [76]. Many regulated miRNAs have
been reported in salinity stressed plants. In Arabidopsis, miR397, miR156, miR394, miR158, miR393,
miR159, miR319, miR165, miR171, miR167, miR169,
miR168, and miR398 were up-regulated in reaction to
salinity stress, whilst the accumulation of miR398 was
reduced [67]. In P. vulgaris, it was reported that increment in accumulation of miR159.2 and miRS1 with
the addition of NaCl [70]. In P. trichocarpa, miR171l-n,
miR530a, miR1446a-e, miR1445, and miR1447 were
down regulated; on the other hand, miR1450 and
miR482.2 were up-regulated in salt stress period [69].
Recently, a research investigation was carried out by
using microarray to elucidate the miRNA profile salinity-tolerant and a salt-sensitive line of maize; the
findings indicated that members of the miR396,
miR156, miR167, and miR164 groups were
down-regulated, while miR474, miR162, miR395, and
miR168 groups were up-regulated in saline-stressed
maize roots [77].

Cold and heat stress tolerance
In Arabidopsis, Brachypodium, and Populus species, miRNA expression has been studied in case of
cold stress [67, 70, 78] miR169 and miR397 were
up-regulated in all aforementioned species, and
miR172 was regulated upward in Brachypodium and
Arabidopsis. Additionally, many miRNAs (miR408,
miR393, miR165/166, and miR396) were induced in
Arabidopsis under cold stress; on the other hand, some
miRNAs (miR398, miR156/157, miR394, miR159/319,
and miR164) exhibited either transitory or gentle regulation when exposed to cold stress [67]. miRNA in
wheat showed variant expression in heat stress response; researchers cloned the miRNAs from the
leaves of wheat after treating with heat stress, with
the help of Solexa high-throughput sequencing. In
wheat, 32 families of miRNA distinguished, among
them 9 identified miRNAs were supposed heat responsive. For instant, miR172 was distinctly decreased, while miRNAs including (miR827, miR156,
miR169, miR159, miR168, miR160, miR166, and
miR393) were noticed with up regulation in response
to heat stress [79].

UV-B radiation stress tolerance
A computer based technique was used to identify miRNAs in Arabidopsis stimulated by UV-B radiation. Among the 21 miRNAs associating to eleven
miRNAs groups sorted out in the study, the under
mentioned were expected to be involved in up regulation in response to UV-B stress: miR401,
miR156/157, miR393, miR159/319, miR160, miR172,
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miR165/166, miR170/171, miR167, and miR398 [80].
Few of the similar families that were identified to be
up-regulated in Arabidopsis by UV-B radiation
(miR168, miR156, miR167, miR160, miR398, and
miR165/166) were discovered to be involved in
up-regulation in Populus termula by UV-B radiation.
Moreover, 3 families (miR393, miR159, and miR169)
that were found as a down regulating in P. termula
were up-regulated in Arabidopsis implying that some
UB-V radiation stress responses could be species-specific [81].

Mechanical stress tolerance
Plants face mechanical stress that is also attributed to a dynamical and static stress when stems
or branches are twisted by external forces, as wind or
gravity. In an investigation of P. trichcarpa, Pt-miRNA
levels of transcript were compared in compression
stressed or tension stressed xylem with the
non-stressed xylem. miR408 showed up-regulation
while miR156, miR48, miR162, miR475, miR164, and
miR480 were down-regulated by compressing and
tension. miR168 was regulated upward only under
tension stressed tissue, but miR172 and miR160 were
down regulated in compressed tissue. These findings
revealed that miRNAs may be regulated in mechanical stress and could play a role in defense system for
mechanical and structural fitness [82].

Conclusion
RNA interference (RNAi) has recently become a
highly effective and powerful tool of functional genomics for silencing the gene expression for crop improvement. Nevertheless, RNAi stability in plants is
critical, but RNAi-mediated gene suppression approach open new avenues in the development of
eco-friendly biotech approaches for crop improvement by knocking-out the specific genes for better
stress tolerance and integrating novel traits in various
plant species including insect/pest/pathogen resistance and enhanced nutritional status. The RNAi is
a sophisticated technology having revolutionary capabilities could be further exploited for functional
analysis of target genes and regulation of gene expression for crop protection and improvement.
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