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RNA Interference 
 
 
 

RNA interference (RNAi) is a phenomenon of gene silencing at the mRNA level 

providing a quick and easy way to determine the function of a gene both in vivo and in 

vitro. It is also called Co-suppression because it suppressed expression of both 

endogenous gene and transgene. 

It is a process of sequence-specific posttranscriptional gene silencing mediated by 

double-stranded RNA. It is a process by which double-stranded RNA (dsRNA) 

homologous to the target locus can specifically inactivate gene function in plants, 

invertebrates, and mammalian systems.  

 

RNA interference was known by other names, including co suppression, post 

transcriptional gene silencing (PTGS), RNA silencing, gene silencing and in certain fungi 

it is also called quelling. 

 

RNA interference (RNAi) is a gene-silencing technique used in studying the absence of 

normal gene action (by disrupting its activity in vivo, i.e., turning it off). It is a system 

within living cells that takes part in controlling which genes are active and how active 

they are. Two types of small RNA molecules- microRNA (miRNA) and small interfering 

RNA (siRNA) are central to the RNAi. RNAs are the direct products of genes, and these 

small RNAs can bind to specific other RNAs and either increase or decrease their activity. 

 

History of RNAi: 

 

1990 Jorgensen: Introduction of transgenes homologous to endogenous                       

genes often resulted in plants with both genes suppressed. This process is called co-

suppression resulted in degradation of the endogenous and the trans gene mRNA. 

 

1995 Guo and Kemphues: Injection of either antisense or sense RNAs in the germline of 

C. elegans was equally effective at silencing homologous target genes 
 

1998 Mello and Fire (Nobel prize): Extension of above experiments, combination of 

sense and antisense RNA (= dsRNA) was 10 times more effective than single strand 

RNA 
 

Two types of Gene silencing 
 

Transcriptional gene silencing (TGS) 

 

Post-transcriptional gene silencing 

(PTGS) 

Promoters silenced  Promoters active 

Genes hypermethylated in promoter region  Gene hypermethyaled in coding region 

Purpose - Viral immunity?  Purpose - Viral immunity?   
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Cellular mechanism of RNA interference 

 

Double stranded dsRNAs (>200nt) are introduced into the cell cytoplasm. 

↓ 

In the cytoplasm, dsRNAs are processed into 20-25 nt small interfering RNAs 

(siRNAs) by enzyme dicer. 

↓ 

siRNAs assemble into endoribonuclease-containing complex RISC 

(RNA induced silencing complex) 

↓ 

Unwinding, followed by degeneration of the passenger strand of the siRNA occurs. This 

results in activation of RISC. 

↓ 

The guide strand of siRNA guides RISC to complementary RNA molecule leading to the 

cleavage and destruction  of the RNA. 

↓ 

No protein synthesis 

 

 
Source: http://www.welgeninc.com/technologies.html 

 

Long double-stranded RNAs (dsRNAs; typically >200 nt) can be used to silence the 

expression of target genes in a variety of organisms and cell types (e.g., worms, fruit flies, 

and plants). Upon introduction, the long dsRNAs enter a cellular pathway that is 

commonly referred to as the RNA interference (RNAi) pathway. First, the dsRNAs get 

processed into 20-25 nucleotide (nt) small interfering RNAs (siRNAs) by an RNase III-

like enzyme called Dicer (initiation step). Then, the siRNAs assemble into 

endoribonuclease-containing complexes known as RNA-induced silencing complexes 

(RISCs), unwinding in the process. The siRNA strands subsequently guide the RISCs to 

complementary RNA molecules, where they cleave and destroy the cognate RNA 

(effecter step). Cleavage of cognate RNA takes place near the middle of the region bound 

by the siRNA strand. 
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Double-stranded RNAs are produced by: 
 

 transcription of inverted repeats 

 viral replication 

 transcription of RNA by RNA-dependent RNA-polymerases (RdRP)   

 
 

What is Dicer Enzyme: 

 

 RNAase III family, Dicer family 

 Processive enzyme  

 ATP-dependent nucleases. 

 Conserved protein. 

 It contain an  

o amino-terminal helicase domain, 

o dual RNAse III domains in the carboxy-terminal   segment, 

o dsRNA-binding motifs 

o PAZ domain 

 
 

RISC Complex (RNA-Induced Silencing Complex): 

 

1 RISC is a large (~500-kDa) RNA-multiprotein complex 

2 RISC uses the siRNA or miRNA as a template for recognizing complementary 

mRNA. When it finds a complementary strand, it activates RNase and cleaves the 

RNA.  

3 Members of the argonaute (Ago) protein family are central to RISC function. 

4 Argonautes contain two conserved RNA binding domains:  

o a PAZ domain that can bind the single    stranded 3’end 

of the mature siRNA  

o a PIWI domain that structurally resembles ribonuclease-H and functions to 

interact with the 5’ end of the guide strand 

They bind the mature miRNA and orient it for interaction with a target mRNA. Some 

argonautes, for example human Ago2, cleave target transcripts directly; argonautes may 

also recruit additional proteins to achieve translational repression.  

 

1 Additional RISC components include  

o TRBP (transactivating response RNA (TAR) binding  protein), 

o PACT (protein activator of the interferon induced protein kinase (PACT),  

o SMN complex,  

o FMRP (fragile X mental retardation protein ), and  

o Tudor staphylococcal nuclease-domain-containing protein  (Tudor-SN). 

 

 

Different classes of small RNA molecules 

 

During dsRNA cleavage, different RNA classes are produced: 

 1.  siRNA 
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 2.  miRNA 

 3.  stRNA 

 

siRNAs 

 

siRNA → RNAi→ PTGS 

 

There is a single base pair difference between the siRNA template and the target mRNA 

is enough to block the process. 

 
 

miRNAs/stRNAs 

 

These are derived from 70nt stem loop structure, pre-miRNA by a complex of Drosha 

and Pasha; processed to 22nt miRNAs. Each miRNA may repress hundreds of mRNAs.  

They are well conserved in eukaryotic organisms and are thought to be a vital and 

evolutionarily ancient component of genetic regulation. 

 

Role:  the temporal regulation of C. elegans, preventing translation of target mRNAs.  

    

Conservation: 15% conserved with 1-2 mismatches across worm, fly, and  mammalian 

genomes. 

 

Expression pattern: varies; some are expressed in all cells and at all developmental stages 

and others have a more restricted spatial and temporal expression pattern. 

 

The human genome may encode over 1000 miRNAs, which may target about 60% of 

mammalian genes. 

 
 

They are found in: 

 Drosophila, C. elegans, HeLa cells 

 Genes-Lin-4, Let-7  
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 stRNAs do not trigger mRNA degradation 

Importance of RNAi 

 Immunity 

 Downregulation of genes 

 Upregulation of genes 

 

Immunity: 

RNA interference is a vital part of the immune response to viruses and other foreign 

genetic material, especially in plants where it may also prevent self-propagation by 

transposons. 

 

Downregulation of genes: 

 Endogenously expressed miRNAs is most important  

 translational repression, 

 regulation of development, morphogenesis and  

 maintenance of undifferentiated or incompletely differentiated cell types :stem 

cells. 

 

Upregulation of genes: 

RNA sequences (siRNA and miRNA) that are complementary to parts of a promoter can 

increase gene transcription, a phenomenon dubbed RNA activation. It involves histone 

demethylation 

 

Technological applications of RNAi 

 

 Gene Knockdown 

 Functional genomics 

 Medicine 

 Biotechnology 

 
 

Gene Knockdown- Double-stranded RNA is synthesized with a sequence complementary 

to a gene of interest and introduced into a cell or organism, where it is recognized as 

exogenous genetic material and activates the RNAi pathway.  

 

Functional Genomics- RNAi is a particularly attractive technique for  

 genomic mapping 

 annotation in plants  

 

because many plants are polyploid, substantial challenges for more traditional genetic 

engineering methods.  

 

For example, RNAi has been successfully used for functional genomics studies in  

 bread wheat (which is hexaploid) 

 Arabidopsis and  

 maize  

 



  L17 

 - 6 - 

Medicine- Although it is difficult to introduce long dsRNA strands into mammalian cells 

due to the interferon response, the use of short interfering RNA mimics has been more 

successful. Clinical trials were in the treatment of muscular degeneration and respiratory 

syncytial virus. RNAi has also been shown to be effective in the reversal of induced liver 

failure in mouse models  

 

Other proposed clinical uses of RNAi include: 

 

 Inhibition of gene expression in cancerous cells 

 Knockdown of host receptors and coreceptors for HIV 

 Silencing of hepatitis A and hepatitis B gene 

 Silencing of influenza gene expression 

 Inhibition of measles viral replication 

 Treatment of neurodegenerative disorders such as Huntington’s disease has also 

been proposed. 

 

Biotechnology 

Biotechnology using RNAi particularly in the engineering of food plants that produce 

lower levels of natural plant toxins. Such techniques take advantage of the stable and 

heritable RNAi phenotype in plant stocks. 

 

Recent applications of RNAi 

 

 Modulation of HIV-1 replication by RNA interference.-Hannon(2002). 

 Potent and specific inhibition of human immunodeficiency virus type 1 

replication by RNA interference.- An et al.(1999) 

 Selective silencing of viral gene expression in HPV-positive human cervical 

carcinoma cells treated with siRNA, a primer of RNA interference - Jung et al. 

2002. 

 RNA interference in adult mice.- Mccaffrey et al.2002 

 Successful inactivation of endogenous Oct-3/4 and c-mos genes in mouse pre 

implantation embryos and oocyte using short interfering RNAs.-Le Bon et 

al.2002 

 

Possible future improvements of RNAi applications 

 

Already developed: 

 

 in vitro synthesis of siRNAs using T7 RNA Polymerase 

 U6 RNA promoter based plasmids 

 Digestion of longer dsRNA by E. coli RNAase III 

 

Potentially useful: 

 

 creation of siRNA vectors with resistances cassettes 

 establishment of an inducible siRNA system 
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establishment of retroviral siRNA vectors (higher efficiencies, infection of suspension 

cell lines)  
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