
O, I die, Horatio; 
The potent poison quite o'er-crows my spirit: 
I cannot live to hear the news from England; 

But I do prophesy the election lights On Fortinbras: he has my dying voice; 
So tell him, with the occurrents, more and less, Which have solicited. 

The rest is silence. 

Hamlet, Act V, Scene II 

From a review by Berstein et al. (2002)
Originally from a fellow named Shakespeare

RNA Interference and the World of Small RNAs
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PTGS (post transcriptional gene silencing) (1990)

(1999)Discovered 25 nt RNAs



“Surprisingly, injection of in vitro synthesized sense RNA
from the cDNA ZC22 also induced par-7 phenotypes at a
high frequency among the progeny of injected worms. It
is not clear what accounts for this effect.”

Guo and Kemphues 1995 used antisense RNA to knock 
down expressionof a gene – It worked but the sense 
control also worked! 



Andy Fire and Craig Mello
(and a certain dynamite 

salesman) 

(1998)

Purified antisense and sense RNAs covering a 742-nucleotide segment of unc-
22 had only marginal interference activity, requiring a very high dose of 
injected RNA to produce any observable effect (Table 1). In contrast, a sense–
antisense mixture produced highly effective interference with endogenous 
gene activity. The mixture was at least two orders of magnitude more effective 
than either single strand alone in producing genetic interference.

1997



Fractionation of editing activity
Drosophila cells were transfected with dsRNAs – got “loss-of-function phenotype.
A 540 nt cyclin fragment caused a G1 arrest, whereas transfection with the lacZ dsRNA 
had no effect. Size was important – 20-300 nt fragments had less effect than 400-500 nt 
fragments. 
Cell extracts from tranfected cells showed specific degradation of exogenous mRNA 
targeted by the dsRNA. 
Fractionated the in vitro activity by anion-exchange chromatography. The active 
fractions contained a 25 nt RNA homologous to the cyclic target. 



Tuschl and Zamore used a 
Drosophila embryo extract. 
Luciferin mRNA was added to get 
translation of luciferase. Pre-
incubation of the extract for 10 min 
with a dsRNA specific for luciferin 
mRNA caused specific degradation 
of added luciferin mRNA. ATP was 
required and 21-25 nt ds RNA 
fragments were produced. The ds 
RNA determined the cleavage 
boundries along the mRNA 
sequence. 

In vitro RNAi extract



Structure of siRNAs



Identification of Dicer as the enzyme responsible for siRNAs

IP of these enzymes.
Only Dicer works

Dicer cleavage
is ATP-dependent

The 23 nt product comigrates
with the RISC product

Genomic search for RNase III enzymes
(double strand cutters)



To prove definitely that Dicer was the enzyme involved in RNAi, they 
depleted Dicer activity from S2 cells by using RNAi itself. This resulted in 
the loss of the ability to silence an endogenous GFP transgene by RNAi. 

Cells co-transfected with 
GFP-plasmid and dsRNA 



Only one strand is incorporated into the RISC complex

Slicer



The PIWI domain is similar to the RNase H domain

Identification of the “Slicer” Nuclease Activity in the RISC Complex

Argonaute is a protein found in the RISC complex and required for RNAi.

This structure led to a model for siRNA-guided mRNA cleavage: 



Reconstitution of Slicer activity with purified Argonaut-2 Protein

Ago2 protein was immunoaffinity purified from transiently transfected 293T cells. 
Immunoprecipitates were mixed in vitro with single- or double-stranded siRNAs or with a 21-nt DNA 
having the same sequence as the siRNA. Reconstituted RISC was tested for cleavage activity with a 
uniformly labeled synthetic mRNA. In B, mutants in Argo2 which were known to destroy activity 
were tested for activity in reconstituted material.  



Several genes were discovered which were involved  in 
developmental timing. They made RNA but  no protein 

product!

Lin-4
Complementary to 3’ untranslated sequences of lin-14 mRNA and 
acts to developmentally  repress the accumulation of lin-14 protein.

It also targets lin-28 and reduces protein expression. 

Micro RNAs
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"Pasha" acts as
a molecular ruler

Drosha

Processing of pri- MicroRNAs







Multiple roles of miRNAs



A chronology of some of the major discoveries and events in RNA silencing. 



Biological Role of RNA Interference

One idea: An immune defense mechanism against nucleic acids.
Evidence: Elimination of RNAi in worms led to increase in transposable 
elements.

Evolution of RNA Interference

The fact that an ancient eukaryote – Trypanosoma brucei – shows RNAi
suggests that it is an ancient trait. 

The close relationship of argonaute (slicer) with viral reverse 
transcriptases,  transposases and integrases led to the idea that
siRNAs may originally have been primers for the replication of early genomes.



Yeast snoRNAs



Nucleotide Modifications in rRNAs 2’ O-methyl uridine

Pseudouridine
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Box H/ACA snoRNAs guide pseudouridylation
of specific residues



Box C/D snoRNAs guide specific methylations





A to I (=G) Editing in Mammals
ADAR – Adenosine deaminase

acting on RNA 

Roles
Regulation of protein function
Alteration of splice sites
Interactions with noncoding RNAs
Effects on RNAi
Effects on miRNA prosessing and 
target selection



Needs short imperfect 
complementary sequences 
(9-15 b) in an adjacent intron



Potential therapeutic uses of RNAi
Major problem is delivery system. Possible solutions involve synthetic siRNAs
capable of penetrating cells and using viral vectors to express siRNA
precursors. 

Mouse models have shown good results with several diseases including 
autoimmune hepatitis, pulmonary infections (influenza and respiratory 
syncytial virus). 

HIV-1 replication was prevented in vitro. 

Tumor growth has been suppressed  by silencing a kinase. 

A problem with mammalian cells is the immune response induced by long 
double  stranded RNAs. This was solved by using siRNAs or hairpin RNAs.

Potential for off-target effects. Usually the in vivo potency of the siRNA 
“drug” is separated by several log orders  from the off-target effects.



Prevention of fulminant hepatitis in mouse models

50 μg Fas-SiRNA duplex in 1 ml saline

Mice treated with Fas siRNA were challenged 
after 1 day with ConA. 

Mice treated with Fas siRNA 1 day after 
injection of 6 weekly injections of ConA 



Delivery methods

1. Conjugation of cholesterol to Si RNA

2. Liposomal nanoparticle-mediated delivery (LNP) of siRNA to liver

3. Multicomponent complexes: SiRNA conjugated with PEG plus a 
liver-targeting ligand (NAG)



Clinical RNAi Pipeline

Most advanced program: ALN-SRV capsid.



Discovery of microRNAs has led to a  
new concept of the genome



WMAP – Microwave Anisotropy Probe


