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ABSTRACT 

Ribonucleic acid interference (RNAi) is one of modern techniques which involved in 

suppressing protein productions , this occurred via inserted of double stranded (ds) RNA into the 

cytoplasm in a cell which leads to particulate and effective degradation of complementary 

messenger (m RNA). 

It discovered fortuitously during attempts to produce flowers with elevated color intensity. The 

possible of this technique to recognizing the physiological and pathological processes is vet 

important, while its improvement as a therapeutic agent carries out much promise as targeted 

therapeutic agents. 

This review article will discuss the basic biological processes that drive RNAi, indicate present 

and prediction future areas research, and some of applicable limitations. 
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1. INTRODUCTION 

RNA interference (RNAi) is a process of 

silencing gene function by inserting short 

sequences of ribonucleic acid (RNA) that 

coincide part of the target gene’s sequence 

and therefore inhibition of protein 

production. RNAi has significantly obtained 

prominence as the technique of option for 

researchers sleuthing the structure and action 

of significance genes. RNAi has the ability to 

turn into a powerful therapeutic approach 

toward targeted and personalized 

medicine,the extent of disorders it could be 

treated is incredible; from cancer to 

cardiovascular diseases, neurodegenerative 

disorders and even HIV. Also it achieved a 

great improvement in agriculture field; the 

scientists have manufactured novel crops 

such as nicotine-free tobacco, non-allergenic 

peanuts, decaffeinated coffee, and nutrient 

fortified maize among many others. 

The blocking of genes mechanism carried out 

at transcription, post-transcription and 

translation levels. In addition it might cause 

augmentation of gene expression because of 

immediate impactions in the translation 

process [1]. 

1.1 DNA-directed RNA interference 

Utilize a DNA structure to stimulate the 

pathway of endogenous RNA interference in 

process known as gene silencing [1]. The 

DNA structure is designed to express self-

complementary double stranded RNA 

especially the small or short hairpin [shRNA] 

which is more beneficial than RNAi in that it 

has approximately low rate of degradation 

and turnover, shRNA is normally expressed 

by delivery of plasmid [2]. This technique 

has an important role in the medical 

biotechnology field that concerns with 

possible treatment approaches by deactivated 

the pathogenic genes whichdemonstrated 

across a range of disease models. For 

example, HIV [3], hepatitis B [4], hepatitis C 

[5], lung cancer [6], retinitis pigmentosa [7], 

neuropathic pain [8], and advanced cancer 

[9].Short hairpin RNA (shRNA) can be 

inserted in a certain delivery device to reach 

the target site after being encoded via DNA-

directed RNA interference (ddRNAi). An 

Encoded RNA which is a transcription 

product when DNA carried into nucleus. 

Endogenous mechanisms are responsible of 

shRNA performance by controlling RNAi 

metabolic pathway and silencing genes 

which cause diseases [1] [Figure 1]. 
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1.2. Mechanism of RNA interference [10]

There are two phases for gene silencing 

mechanism that is occurred by RNAi.

1.2.1. The first phase is an initiation

The most important role in this stage is to 

produce siRNA that is developed by action of 

type III endonuclease Dicer that has two 

types:  Dicer-1 or Dcr-1/Loquacious

(Loqs), and Dicer-2 or Dcr

two types have similar structures with 

different functions. 

1.2.1.1.miRNA: Dicer-1 is an ATP

independent and applies some proteins in 

order to bind dsRNA.In a recent study on 

Drosophila was shown that Dicer

specific protein named Loqs used for dsRNA 

                                                                                                                  

Figure 1: ddRNAi mechanism of action 

1.2. Mechanism of RNA interference [10] 

There are two phases for gene silencing 

mechanism that is occurred by RNAi. 

1.2.1. The first phase is an initiation 

The most important role in this stage is to 

siRNA that is developed by action of 

type III endonuclease Dicer that has two 

1/Loquacious-PB 

2 or Dcr-2/R2D2, these 

two types have similar structures with 

1 is an ATP-

endent and applies some proteins in 

order to bind dsRNA.In a recent study on 

Drosophila was shown that Dicer-1 has a 

specific protein named Loqs used for dsRNA 

binding, this result reached to the miRNA

regulated gene expression that Logs proteins 

have an important affect in this process.

There are two types of dsRBDs that result via 

encoding Logs gene: PA and PB, PB plays 

critical role by promoting Dcr

1.2.1.2.siRNA : Dicer

dependent, and it is need a specific protein 

for dsRNA binding which is called R2D2 

that works with RNase enzyme, this protein 

will interact with long dsRNA but it does not 

have any regulating role for siRNA and 

Dicer-2 action. 

1.2.2. The second phase:

This phase is using a quid system invol

single strand duplexes of the miRNA and 
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this result reached to the miRNA-

regulated gene expression that Logs proteins 

mportant affect in this process. 

There are two types of dsRBDs that result via 

encoding Logs gene: PA and PB, PB plays 

critical role by promoting Dcr-1 affinity. 

: Dicer-2 is an ATP-

dependent, and it is need a specific protein 

binding which is called R2D2 

that works with RNase enzyme, this protein 

will interact with long dsRNA but it does not 

have any regulating role for siRNA and 

The second phase: the effector stage 

This phase is using a quid system involves 

single strand duplexes of the miRNA and 
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siRNA, which can incorporate into effecter 

complexes as RNA-induced initiation of 

transcriptional gene silencing (RITS) or the 

RNA-induced silencing complex (RISC).

1.2.2.1. RISC  

RISC contains mainly argonaute (Ago) 

proteins which have two types: Argo and 

 

Figure 2: A model for the mechanism of RNAi

1.3. Influence of overhang structure and 

sequence on Dicer specificity and 

efficiency 

It is very important for Dicer recognition and 

specificity to determine which the 

characteristic of the overhang structure, 

Dicer synthesized and processed substrates 
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Figure 2: A model for the mechanism of RNAi 

1.3. Influence of overhang structure and 

sequence on Dicer specificity and 

It is very important for Dicer recognition and 

specificity to determine which the 

characteristic of the overhang structure, 

Dicer synthesized and processed substrates 

with differentlengths and composition: 

61mer MAPK14.In figure 3 that explained 

Dicer cleavage of all probable 2

sequences (UU, UC, UG, UA, CU, CG, CA, 

CC, GU, GC, GG, GA, AU, AC, AG, AA) 

and illustrate which while cleavage product 

sizes are not changed via overhang 
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Piwi proteins, Argo binds to siRNAs and 

miRNAs, and the Piwi binds to piRNAs. A 

study was carried out on siRNA structure, 

and showed slight differences of siRNA 

change the determination 

of RISC complex guided strand. 

 

with differentlengths and composition: 

61mer MAPK14.In figure 3 that explained 

vage of all probable 2-nt overhang 

sequences (UU, UC, UG, UA, CU, CG, CA, 

CC, GU, GC, GG, GA, AU, AC, AG, AA) 

and illustrate which while cleavage product 

sizes are not changed via overhang 
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composition, nucleotide sequence does have 

an important role in determining Dicer 

efficiency[11] 

The overhangs that hold a C and A in the 

penultimate and terminal positions 

(respectively) are processed efficiently, and 

those hold an A in the penultimate position 

and a U in the terminal position are less 

effective., classification of the Dicer cleavage 

efficiency of substrates reveals a hierarchy 

with C> U= G >A will be the priority at the 

penultimate position and A > G= U >C being 

the order of terminal nucleotides.Thus, RNA 

end structure, especially 30 overhang lengths, 

has an important role to determine the 

position and efficiency of Dicer cleavage. 

[11]. This knowledge has a deep effect for 

siRNA and shRNA design. shRNA 

expression via Pol III promoter results in 

shRNA termini with different overhang 

lengths (1–5 Us). 

And this diversity drastically impacts the 

specificity of Dicer cleavage and therefore 

the cleaved siRNA function. 

1.4. Effect of siRNA end structure on 

silencing efficiency 

 In recent researches it has been proposed 

that Dicer is involved in siRNA RISC 

loading [12]. By examination of Dicer 

cleavage in vitro, it elucidated that end 

structure impacts the effectiveness of Dicer. 

This because of siRNA end structure 

influences overall silencing efficiency. 

Broadly, siRNAs with asymmetric overhangs 

on the antisense strand carried out preferable 

than siRNAs with asymmetric sense strand 

overhangs. 

2. Designing siRNAs 

Gene silencing will be controlled via making 

an expression vector for the siRNA. The 

siRNA sequence is processed to insert a short 

loop among the two strands. The output 

transcript is a short hairpin RNA (shRNA) 

that may be converted into a functional 

siRNA via Dicer [13]. The capability of gene 

silencing can be expressed by small 

interfering RNA (siRNA) which is 

determined by its sequence and it is varying 

among target sites. Cross hybridization and 

chemical modification can also change the 

efficacy of siRNA [14]. 

2.1. Location of siRNA 

The target must be localized 50–100 nt 

downstream from the start codon (ATG). 

Thus, knowing the particular splice variants 

is important to define the target isoforms of 

the gene [14].  

2.2. Modification 

To achieve preferable siRNA activity, it 

should involve phosphate groups at the 50 

end; therefore it is necessary not to block the 

50 end of the antisense strand with other 
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modifications [14]. Transfected ''infect (a 

cell) with free nucleic acid'' non-modified 

50OH ends are speedily phosphorylated via 

cellular kinases, this appearing not to 

phosphorylate synthetic siRNAs [14]. 

Without paying attention of the aimed 

sequence, DNA ‘TT’ dinucleotide overhangs 

are sometimes added to the 30 ends. 

2.3. Thermodynamic stability 

The efficacy of siRNA is also impacted by its 

thermodynamic stability that is necessary for 

the function of siRNA and strand loading 

into RISC.The most efficient siRNA has a 

small Tm and duplex stability (less stable, 

more A/U rich) toward the 50 end of the 

guide strand and a relatively high Tm (more 

stable, more G/C rich) toward the 50 end of 

passenger strand [14]. 

 2.4. Sequence characteristics and 

specificity 

To achieve highest specificity, there are some 

sequence properties must be avoided in the 

guide strand such as homopolymeric runs 

and nine –base or greater segments of G/C 

bases. The site accessibility and the 

secondary structure of the target are 

important for activity of siRNA. 

Moderate - low GC content (30–52%) is a 

feature of functional siRNA.[14]. 

3. Applications of RNA interference in 

various areas 

RNAi technology is viable for gene silencing 

in different fields. RNAi has been used in C. 

elegans for genomics [15]. The promoters of 

RNA polymerase (pol) II and III (U6 and H1, 

alone or together) have been utilized for 

stable silencing approach.Retroviral-vector-

based delivery of siRNAs has also been 

performed for more active silencing.There 

are two classes of retrovirus vectors have 

been used: (1) HIV-1-derived lentivirus 

vectors and (2) Oncoretrovirus-based vectors, 

such as Moloney murine leukemia virus 

(MoMuLV) and Murine stem cell virus 

(MSCV). Transgenic mice have been 

established with germline transmission of a 

shRNAexpression cassette for silencing of 

genes not targeted by homologous 

recombination-based approaches 

3.1. RNAi as a potential therapeutic for 

humans; genetic diseases 

A genetic disease is an aberration or 

abnormalities of genes that formed in 

genome leads to pathogenic symptoms. The 

first recognized genetic disorder in a hominid 

was in the fossil species Paranthro-

pusrobustus, with over a third of individuals 

displaying Amelogenesis imperfect [16]. 

The Genetic disease could be hereditary, this 

significance which they are passed down 

from the offspring's genes. The second 

genetic disease, the disorder is happened via 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1830 

IJBPAS, October, 2019, 8(10) 

DNA mutations. In these cases, the defect 

will only be passed down if it happens in the 

germline. There are certain forms of 

recessive gene diseases give an advantage in 

particular environments only if one gene 

copy is exist [17]. There is a big challenging 

due to absent of truth treatment, all the 

present treatment approaches is to control the 

symptoms, in these cases are happening only 

in the dominant negative genetic disease, that 

its reason a mutant gene allele make an 

illness by existence of a second, normal 

copy, all of existed pharmacological or 

biological treatments are not suitable to 

target the selective abnormal genes which 

cause a disease, because of structural 

indifference of the normal variant of their 

targets from the disease-causing mutant ones 

[18]. Table 1 

Table 1: the genes involved in applications of RNA interference (RNAi) 
Genes Fungi Animals Plants 

Elf2c QDE2 RDE1 AGO1 
RdRp QDE1 EGO1 SGS2/SDE1 

RNA Helicase   MUT6 
Rnase D  MUT7  

Coiled Coil   SGS3 
Compiled from: http://www.ejb.org  accessed on 3.08.2012 

 

If the target is a single nucleotide 

polymorphism (SNP), in this case cannot 

utilize any structural or receptor protein in 

treatment, because of selectivity deficiency 

[18].  

An auspicious progress is observed via 

utilizing RNAi in genetic disorders which 

provided by preliminary researches 

demonstrating how single nucleotide 

polymorphisms (SNPs) in mutant allele 

transcripts could be applied as selective 

targets for RNAi. But there is a challenging 

target in certain neurological disease which 

polyglutamine proteins encoded by CAG 

repeat containing transcripts, this is due to 

common of CAG repeats in different normal 

transcripts so cannot be selectively targeted 

by siRNAs .the researchers observed in their 

systematic analyses of siRNAs that there is a 

high selective region in the complementary 

of polymorphic nucleotide with the middle 

region of the siRNA that gives an 

siRNA/SNP combination [19].  

3.2. RNAi in gene regulation and antiviral 

responses 

RNA interference (RNAi) has a significance 

role against virus and transposable elements 

(TEs) by degrading viral RNA, the hosts and 

viruses can utilize RNAi in order to 

manipulate each other's gene expression, and 

hosts will encode microRNAs which target 

the sequence of virus. 
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3.2.1 RNAi as innate antiviral immunity 

The first experiment that demonstrated if 

RNAi has an antiviral effect was in plants 

when induced ‘gene silencing’ was aimed to 

achieve resistance to viruses that carrying an 

identical sequence [20], then it recognized as 

a normal innate antiviral immunity when find  

viruses which induce a similar response [21, 

22]. The first antiviral RNAi recognized in 

animal was in Drosophila cell culture,which 

acting by the beetle Nodamura virus FHV 

(flock house virus) as an initiator and a 

viRNA pathway targeting [23], but the 

questionable information about the antiviral 

immunity in vertebrates are still under 

advanced research [24, 25, 26]. 

3.2.2 Viral suppression and evasion of the 

viRNA pathway 

After detecting the naturalistic antiviral effect 

of RNAi was detected, the Hc-Pro protein of 

plant Potyviruses was revealed [27, 28, and 

29] and the 2b protein of plant 

cucumoviruses [30] were recognized as 

VSRs. the B2 protein of the beetle virus FHV 

is The first VSR identified in an animal virus, 

it thought to be suppressed of RNAi in 

plants, before being shown to play the same 

role in insects.The RNAi effect can be 

minimized by viruses by forbidding dsRNA 

to be in contact with the RNAi pathway or by 

eschewing degradation once viRNAs formed. 

Viruses have many modifications to diminish 

dsRNA production and protect the viral 

genome against degradation [31]. 

3.2.3 Viral evolution in response to host 

RNAi 

In recent studies which observed that VSRs 

from different viral families have essentially 

no structural similarity, even where they have 

similar functions. This is particularly striking 

when the dsRNA-binding motifs are 

compared across different VSRs: the dsRNA-

binding domains from P19 (tombusviruses), 

P21 (Beet Yellows Virus) and B2 (FHV) 

each appear to have evolved different and 

entirely novel dsRNA-binding motifs [32]. 

To check which VSRs evolve faster than 

other viral genes, the rate of protein 

divergence for all genes has been analyzed in 

pairs of isolates from 17 ssRNA plant viruses 

with experimentally proved VSRs. figure 4, 

they explained about the protein variation 

among pairs of isolates was significantly 

higher for VSRs than for other genes, which 

is proportionate with vigorous selection 

acting on VSRs [33]. 

3.3. Cancer 

RNAi therapeutics for cancer treatment has a 

strong appeal due to the high specificity and 

potency to inhibit the process of gene 

expression. Growth factors, oncogenes and 

single nucleotide polymorphisms (SNPs) are 
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potential targets for different diseases. The 

ability to knocking out proteins with no harm 

to the cell unlike the chemotherapy that fight 

the tumors and killing both cancerous and 

healthy cells around them is what makes the 

RNAi interesting to many researchers. In 

vivo application of siRNA was operated on 

animal models targeting the colorectal 

cancer-associated gene beta-catenin. 

Following siRNA-mediated silencing of this 

gene in human colon cancer cells reduction 

in the proliferation and subsided invasiveness 

were observed. When the treated cancer cells 

were implanted in a nude mouse, prolonged 

survival was observed in comparison with 

mice received unmanipulated tumors. 

Similarly, silencing the oncogene H-ras led 

to the inhibition of in vivo tumor growth of 

human ovarian cancer in a SCID mouse 

model [34]. Utilized transferrin containing 

non-lipid based nano-particles an example of 

RNAi therapeutics with targeted delivery to 

overcome the challenges of finding a good 

targeting and delivery with minimized side 

effects and were applied to target sarcoma 

cells in a mouse xenograph model [35]. This 

study provides a powerful proof of principle 

for systemic delivery of siRNAs to a 

metastatic cancer. RNAi may also have an 

interesting mechanism to aid in fighting the 

cancer by traditional cancer drugs. Including 

includes targeting of the multidrug resistance 

gene (MDR1) for re-sensitization to 

chemotherapy and silencing of double strand 

break repair enzymes for enhanced effects of 

radio and chemotherapy [36]. Even if the 

trials are in their early phase, they increase 

the potential of using RNAi therapeutic in the 

future. The evolution over the past years in 

finding new technologies for delivery system 

and the advancing of RNAi therapeutics from 

pre-clinical into human trials with new trials 

of first substantial patient data from these 

RNAi based therapies on near future it is too 

early to dismiss RNAi therapeutics for cancer 

treatment. 

4. RNAi technology 

RNAi technology is serviceable in gene 

silencing as an approach treatment in 

different species. RNAi utilized widely in C. 

elegans for functional genomics. High-

throughput investigation of most of the 

~19,000 genes has been achieved. Ahringer 

and his fellow worker formed an RNAi 

library, illustrating ~86% of the genes of C. 

elegans [37]. This experiment achieved 

successfully chance in various model 

organisms, inclusive human [38]. 

Improvement of the 20-acetoxyethyl (ACE) 

RNA chemistry and the combination of 

modified, particular cationic, nucleotides 

form the basis for the synthesis of highly 
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stable effective siRNAs.There is an obstacle 

regarding synthetic siRNAs is their low 

stability in serum. A latest research was 

carried out with much several chemistry at 

the 20O ribose position like aminoethyl and 

guanidinoethyl [39] and the siRNA half-life 

and efficacy can be promoted via inserting 

modifications at particular sites both in the 

passenger and the guide strand of the siRNA. 

4.1. Technological applications of RNA 

interference in Gene knockdown 

According to the organism and experimental 

system, the exogenous RNA could be a long 

strand designed to be cleaved by Dicer, or 

short RNAs designed to serve as siRNA 

substrates.Shorter RNAs are utilized in 

mammalian cells due to long double-stranded 

RNA molecules promote the mammalian 

interferon response, a form of innate 

immunity that interacts nonselective to 

foreign genetic material [40]. This reaction is 

approximately absent in mouse oocytes and 

cells from early mouse embryos and is 

therefore a common model system for 

studying gene-knockdown effects in 

mammals. Specific laboratory methods have 

been advanced to upgrade the using of RNAi 

in mammalian systems by obviate the direct 

introduction of siRNA, for instance, via 

stable transfection with a plasmid encoding 

the appropriate sequence from that siRNAs 

may be transcribed [41], or via more accurate 

lent viral vector systems letting the inducible 

activation or deactivation of transcription, 

known as conditional RNAi [42]. 

5. Prospects of using RNAi techniques 

An example which RNAi technology may be 

utilized to silence the gene(s) responsible for 

the production of b-oxalylaminoalanine-L-

alanine (BOAA), a neurotoxin existed in a 

leafy vegetable known as Lathyrussativus. 

Another case where RNAi may be strongly 

carried out is in the manufacturing of banana 

varieties resistant to the Banana Bract 

Mosaic Virus (BBrMV) which presently 

devastating the banana population in 

Southeast Asia and India [43]. The future 

researches of RNAi will attach for being 

inspected for other applications of human, 

animal and plant therapeutics. 

6. Limitations of RNAi 

The safety of RNA interference is 

controversial issue, exceptionally the 

probability for ‘‘off-target’’ effects, in which 

a gene with a coincidentally comparable 

sequence to the targeted gene is also 

suppresses. The rate of off-target reaction is 

determined by computational genomics study 

and its approximately equal 10%. This can 

explained the elevated death rate of animals 

in the experiments, could be related to be the 

result of ‘‘oversaturation’’ of the dsRNA 
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pathway [44]. In addition, while classical 

genetic screens can identify alleles t

uncover regulatory mechanisms, RNAi is 

7. CONCLUSION 

The development of RNA interference 

application is continuously increased and 

achieving modern discoveries are being made 

on a daily basis, SiRNAs applications are 

presently highly used in gene function 

analysis, target identification and validation 

and as therapeutic agents.Despite of an 

applicable method for in-vitro experiments, 

obstacles with intracellular delivery of 

siRNA can affect gene silencing and 

therefore delay the successful techniques.At 

the end, the cost obstacle in improves of 

RNAi molecules is one of the most usage 

                                                                                                                  

In addition, while classical 

genetic screens can identify alleles that 

uncover regulatory mechanisms, RNAi is 

purely a loss-of-function technique tar

the mature message [45] 

Figure 3: Limitations of RNAi 

 

The development of RNA interference 

application is continuously increased and 

achieving modern discoveries are being made 

on a daily basis, SiRNAs applications are 

presently highly used in gene function 

analysis, target identification and validation 

therapeutic agents.Despite of an 

vitro experiments, 

obstacles with intracellular delivery of 

siRNA can affect gene silencing and 

therefore delay the successful techniques.At 

the end, the cost obstacle in improves of 

is one of the most usage 

limitation, especially for in vivo studies. 

Hopefully, cost must not be the barrier to use 

of this worthy technique.In conclusion, the 

presenting hype and excitement about 

posttranscriptional gene silencing technique 

has been justified, but experiments should 

converge on in vivo to achieve more 

applicable treatment approaches for most 

complicated genetic disorders.
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function technique targeting 

the mature message [45] Figure 3. 

 

limitation, especially for in vivo studies. 

Hopefully, cost must not be the barrier to use 

of this worthy technique.In conclusion, the 

presenting hype and excitement about 

posttranscriptional gene silencing technique 

ified, but experiments should 

converge on in vivo to achieve more 

applicable treatment approaches for most 

complicated genetic disorders. 

ACKNOWLEDGMENT 

The authors would like to thank the Middle 

East University for their involvement in the 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1835 

IJBPAS, October, 2019, 8(10) 

8. REFERENCES  

[1] Lambeth L. S, and Smith C. A."Short 

Hairpin RNA-Mediated Gene 

Silencing". SiRNA Design. Methods 

in Molecular Biology., 2013; 942: 

205–232.  

[2] Zhaohui Wang, Donald D. Rao, Neil 

Senzer, and John Nemunaitis. "RNA 

Interference and Cancer Therapy". 

Pharmaceutical Research. 2011. 28 

(12): 2983–2995. 

[3] David L. D, Amrita Krishnan, Lijing 

Li, Haitang Li, Shirley Li, Anitha 

Rao, Shu Mi, Priscilla Yam, Sherri 

Stinson, Michael Kalos, Joseph 

Alvarnas, Simon F. Lacey, Jiing-

Kuan Yee, Mingjie Li, Larry Couture, 

David Hsu, Stephen J. Forman,John J. 

Rossi,and John A. Zaia. "RNA-Based 

Gene Therapy for HIV with 

Lentiviral Vector-Modified CD34+ 

Cells in Patients Undergoing 

Transplantation for AIDS-Related 

Lymphoma". Science Translational 

Medicine., 2010; 2 (36): 36ra43.  

[4] Chen C. C, Chang C. M, Sun C. P, 

Yu C. P, Wu P. Y, Jeng K. S,  Hu C. 

P, Chen P. J,  Wu  J.C, Shih C. H, 

Gershwin M. E, and Tao M, H. "Use 

of RNA interference to modulate liver 

adenoma development in a murine 

model transgenic for hepatitis B 

virus". Gene Therapy., 2011; 19 (1): 

25–33. 

[5] Suhy D. A, Kao S. C, Mao T, 

Whiteley L, Denise H, Souberbielle 

B, Burdick A. D, Hayes  K, Wright J. 

F, Lavender H, Roelvink P, 

Kolykhalov A, Brady K, Moschos S. 

A, Hauck B, Zelenaia O, Zhou S, 

Scribner C, High K. A, Renison S H, 

and Corbau R. "Safe, Long-term 

Hepatic Expression of Anti-HCV 

shRNA in a Nonhuman Primate 

Model". Molecular Therapy., 2012; 

20 (9): 1737–1749.  

[6] McCarroll J. A, Gan P. P, Liu M, and 

Kavallaris, M. "III-Tubulin is a 

Multifunctional Protein Involved in 

Drug Sensitivity and Tumorigenesis 

in Non-Small Cell Lung Cancer". 

Cancer Research., 2010; 70 (12): 

4995–5003.  

[7] Millington-Ward S, Chadderton N, 

O'Reilly M, Palfi A, Goldmann T, 

Kilty C, Humphries M,Wolfrum U, 

Bennett J, Humphries P, Kenna P. F, 

and Farrar G. J. "Suppression and 

Replacement Gene Therapy for 

Autosomal Dominant Disease in a 

Murine Model of Dominant Retinitis 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1836 

IJBPAS, October, 2019, 8(10) 

Pigmentosa". Molecular 

Therapy.2011. 19 (4): 642–649.  

[8] Zou W, Song Z, Guo Q, Liu C, Zhang 

Z, and Zhang Y. "Intrathecal 

Lentiviral-Mediated RNA 

Interference Targeting PKCγ 

Attenuates Chronic Constriction 

Injury–Induced Neuropathic Pain in 

Rats". Human Gene Therapy., 2011; 

22 (4): 465–475.  

[9] Enzer, N, Barve M, Kuhn J, Melnyk 

A, Beitsch P, Lazar M, Lifshitz S, 

Magee M, Oh J, Mill S. W, Bedell, C, 

Higgs C, Kumar P, Yu Y, Norvell F, 

Phalon C, Taquet N, Rao D. D, Wang 

Z, Jay C. M, Pappen B. O, Wallraven 

G, Brunicardi F. C, Shanahan D. M, 

Maples P. B, and Nemunaitis J. 

"Phase I Trial of "bi-

shRNAifurin/GMCSF 

DNA/Autologous Tumor Cell" 

Vaccine (FANG) in Advanced 

Cancer". Molecular Therapy., 2011; 

20 (3): 679–686.  

[10] Gregory J. Hannon. RNA 

interference. Nature., 2002; 244-

251. 

[11] Annaleen V, Linda B, Angela R, 

Alexey W, William S. M, Jon K, 

and Anastasia Khvorova. Dicer 

specificity and efficiency. RNA J., 

2005; 11(5): 674–682. 

[12] Lee Y.S, Nakahara K, John W. 

Pham, Kim K, He Z, Erik J. S,and 

Richard W. C. Distinct roles for 

Drosophila Dicer-1 and Dicer-2 

inthe siRNA/miRNA silencing 

pathways. Cell., 2004; 117 (1), 69–

81. 

[13] "RNA Interference (RNAi)". 

Retrieved 27 July 2018. 

[14] Peek A.S, and BehlkeM. A. Design 

of active small interferingRNAs. 

Curr. Opin. Mol. Ther., 2007; 9 (2), 

110–118. 

[15] Fraser A.G, Kamath R. S, Zipperlen 

P, Martinez-Campos M, Sohrmann 

M, and Ahringer J. Functional 

genomic analysis of C. elegans 

chromosome I by systematic RNA 

interference. Nature., 2000;408: 

325–330. 

[16] Towle I, and Irish J. D. "A probable 

genetic origin for pitting enamel 

hypoplasia on the molars of 

Paranthropusrobustus. Journal of 

Human Evolution., 2019; 129:54-

61. 

[17] Mitton J. B. "Heterozygous 

Advantage"., 2019. 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1837 

IJBPAS, October, 2019, 8(10) 

[18] Seyhan A. A. RNAi: a potential new 

class of therapeutic forhuman 

genetic disease. Hum. Genet., 2011; 

130 (5), 583–605. 

[19] Miller V. M, Gouvion C. M, 

Davidson B L, and Paulson H. L. 

Targeting Alzheimer’s disease genes 

with RNA interference: anefficient 

strategy for silencing mutant alleles. 

Nucl. Acids Res., 2004; 32,661–

668. 

[20] Lindbo J.A, Silvarosales L, 

Proebsting W. M, and Dougherty 

W.G. Induction of a highly specific 

antiviral state in transgenic plants—

implications for regulation of gene-

expression and virus-resistance. 

Plant Cell.,1993; 5, 1749–1759. 

[21] Covey S. N, AlKaff N.S, Langara A, 

and Turner D. S. Plants combat 

infection by gene silencing. Nature., 

1997; 385, 781–782. 

[22] Ratcliff F, Harrison B. D, and 

Baulcombe D.C. A similarity 

between viral defense and gene 

silencing in plants. Science., 1997; 

276: 1558–1560. 

[23] Li H.W, Li W. X,and Ding S.W. 

Induction and suppression of RNA 

silencing by an animal virus. 

Science., 2002; 296: 1319–1321. 

[24] Cullen B.R. Is RNA interference 

involved in intrinsic antiviral 

immunity in mammals?. Nature 

immunology., 2006; 7:563–567. 

[25] Ding S. W, and Voinnet O. Antiviral 

immunity directed by small RNAs. 

Cell., 2007; 130(3): 413–426. 

[26] Haasnoot J, Westerhout E. M, and 

Berkhout B. RNA interference 

against viruses: strike and 

counterstrike. Nat. 

Biotechnol.,2007; 25: 1435–1443 

[27] Anandalakshmi R, Pruss G.J, Ge X, 

Marathe R, Mallory A. C, and Smith 

T.H. A viral suppressor of gene 

silencing in plants. Proc. Natl Acad. 

Sci. USA., 1998; 95, 13 079–13 084. 

[28] Brigneti G, Voinnet O, Li W.X, Ji 

L. H, Ding S.W, and Baulcombe D. 

C. Viral pathogenicity determinants 

are suppressors of transgene 

silencing in Nicotiana benthamiana. 

EMBO J. 1998; 17: 6739–6746. 

[29] Kasschau K. D, and Carrington J.C. 

A counter defensive strategy of 

plant viruses: suppression of 

posttranscriptional gene silencing. 

Cell. 1998; 95: 461–470. 

[30] Li H.W, Lucy A.P, Guo H.S, Li 

W.X, Ji L. H, and Wong S.M. 

Strong host resistance targeted 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1838 

IJBPAS, October, 2019, 8(10) 

against a viral suppressor of the 

plant gene silencing defence 

mechanism. EMBO J., 1999; 18: 

2683–2691. 

[31] Ahlquist P. RNA-dependent RNA 

polymerases, viruses, and RNA 

silencing. Science., 2002; 296: 

1270–1273. 

[32] Li F, and Ding S. W. Virus 

counterdefense: diverse strategies 

for evading the RNA-silencing 

immunity. Annu. Rev. Microbiol., 

2006; 60, 503–531. 

[33] Darren J. O, Karl H.J, Amy H. B, 

and Francis M. J.The evolution of 

RNAi as a defence against viruses 

and transposable elements. The 

royal society publishing., 2008. 

[34] Ebbesen M, Jensen T. G, Andersen 

S, and Pedersen F. S. 

Ethicalperspectives on RNA 

interference therapeutics. Int. J. 

Med. Sci., 2008; 5(3), 159–168. 

[35] Boden D, Pusch O, Lee F, Tucker L, 

and Ramratnam B. Human 

immunodeficiency virus type 1 

escape from RNA interference. J. 

Virol., 2003; 77: 11531–11535. 

[36] Olivier T. B, Joost H, Jens K, and 

Ben B. Antiviral applications of 

RNA interference. Retrovirology., 

2008; 5: 81. 

[37] Fraser A. G, Kamath R. S, Zipperlen 

P, Martinez-Campos M, Sohrmann 

M, and Ahringer J. Functional 

genomic analysis of C. elegans 

chromosome I by systematic RNA 

interference. Nature., 

2000;408:325–330. 

[38] Hu G, Kim J, Xu Q, Leng Y, Orkin 

S. H, and Elledge S. J. A genome-

wide RNAi screen identifies a new 

transcriptional module required for 

self-renewal. Genes Dev., 2009; 23: 

837–848. 

[39] 39.Odadzic D, Bramsen J. B, 

Smicius R, Bus C, Kjems J, and 

Engels J. W. Synthesis of 20-O-

modified adenosine building 

blocksand application for RNA 

interference. Bioorg. Med. Chem., 

2008; 16,518–529. 

[40] Naito Y, Ui-Tei K, Nishikawa T, 

Takebe Y, and Saigo K.SiVirus: 

web-based antiviral siRNA design 

software for highlydivergent viral 

sequences. Nucl. Acids Res., 2006; 

54, W448–50 

[41] Reynolds A, Anderson E, 

Vermeulen A, FedorovY, Robinson 

K, Leake D, Karpilow J, Marshall 



Wael Abu Dayyih et al                                                                                                                      Review Article 
 

 
1839 

IJBPAS, October, 2019, 8(10) 

W, KhvorovaA..Induction of the 

interferon response by siRNA is cell 

type- andduplex length-dependent. 

RNA., 2006; 12: (6) 988–993. 

[42] Stein P, Zeng F, Pan H, and Schultz 

R. Absence of non-specificeffects of 

RNA interference triggered by long 

double-strandedRNA in mouse 

oocytes. Dev. Biol., 2005; 286 (2), 

464–471. 

[43] RodoniB. C, Dale J. L, and Harding 

R. M. Characterization 

andexpression of the coat protein-

coding region of the banana 

bractmosaic potyvirus, development 

of diagnostic assays and detectionof 

the virus in banana plants from five 

countries in Southeast Asia.Arch. 

Virol., 1999; 144: 1725–1737. 

[44] SrinivasaRao T, SrinivasaPrasad C, 

Shah S. A, Rather M. A. RNA 

interference and its therapeutic 

applications. Vet.World., 2011; 4: 

(5) 225229 

[45] Boutros M, and Ahringer J, The art 

and design of geneticscreens: RNA 

interference. Nat. Rev. Genet., 2008; 

9: 554–566. 

[46] Ebbesen M, Jensen T. G, Andersen 

S, PedersenF.S.,. 

Ethicalperspectives on RNA 

interference therapeutics. Int. J. 

Med. Sci. 5(3), 159–168. 

 

 

 

 

 

 

 

 

 

 

 

 


