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The discovery of RNAi was preceded first by observations of transcriptional inhibition by 
antisense RNA expressed in transgenic plants.

Reports of unexpected outcomes in experiments performed by plant scientists in the 
United States and the Netherlands in the early 1990s.

Caused the loss of pigment .

Further investigation of the phenomenon in plants indicated that the downregulation was 
due to post-transcriptional inhibition of gene expression via an increased rate of mRNA 

degradation. 

This phenomenon was called co-suppression of gene expression, because suppressed
expression of both endogenous gene and transgene but the molecular mechanism 

remained unknown

Co-suppression of gene expression

Attempted to overexpress chalone synthase (anthrocyanin pigment gene) in 
petunia. (trying to darken flower color)
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RNA interference (RNAi)

Previously	known	as	co-
suppression	or	post	
transcriptional	gene	silencing	
(PTGS),		now		is	known	as	RNA	
interference	(RNAi)	as	a	process	
within	living	cells	that	moderates	
the	activity	of	their	genes.	
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Fire et	al.	Nature	1998	

•	dsRNA from	mature	mRNA elicits
RNAi

•	dsRNA from	introns does not
•	RNAi results in	decreasedmRNA
levels

•	RNAi is heritable (for	a	few
generations)	

•	RNAi only requires a	few
molecules of	dsRNA per	cell

•	RNAi is applicable to	many
different transcripts

RNA interference (RNAi)
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In	2006,	Andrew	Fire	and	Craig	C.	Mello	shared	the	Nobel	Prize	
in	Physiology	 or	Medicine	for	their	work	on	RNAi	in	the	nematode	worm	C.	elegans.

RNAi in	C.elegans

– Silencing of	a	green	fluorescent protein (GFP)	reporter	in	C.	elegans occurs when
animals feed on	bacteria expressing GFP	dsRNA (a)		but not in	animals that are	defective for	RNAi (b).	

The	lack of	GFP-positive	embryos in	a	

(bracketed region)	demonstrates the	

systemic spread

RNA interference (RNAi)
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Andrew	Fire Craig	Mello



Sources of dsRNA
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Two	types	of	RNA	molecules	involved:
- small	interfering	RNA	(siRNA)	
- microRNA	(miRNA)	

They	bind	to	other	specific	mRNAs	and	modulate	their	activity.	

RNA	interference	has	played	an	important	role	in	defending	cells	against	parasitic	nucleotide	 sequences	–
viruses	and	transposons	– but	also	in	directing	development	as	well	as	gene	expression	in	general.

In	2001	first	report	of	RNAi	in		MAMMALS

siRNA and miRNA
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siRNA and miRNA

1.
2.
3.
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DICER: Producer of Small (21-23 bp) RNA fragments
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DICER partners and RISC
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ARGONAUTE: Central component of RISC
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RNAi	is	 controlled	 by	RISC and	is	initiated	 by	short	dsRNA	molecules	 in	a	cell's	
cytoplasm,	 where	 they	 interact	 with	 the	catalytic	 RISC	component	 argonaute.

dsRNAs is	 cleaved	 by	the	Dicer	enzyme	into	short	fragments	 of	~20	nucleotides	
that	are	called	 siRNAs.

Each	siRNA	is	unwound	into	two	single-stranded	 (ss)	ssRNAs (passenger strand	and	
the	guide	strand).	

The	passenger	 strand	 is	degraded	 (red),	and	the	guide	strand	 (blue)	is	
incorporated	 into	the	RNA-induced	 silencing	complex	(RISC).

The	most	well-studied	 outcome	 is	post-transcriptional	 gene	silencing,	 which	occurs	
when	 the	guide	 strand	base	pairs	with	a	complementary	 sequence	 in	a	messenger	
RNA	molecule	 (green)	 and	induces	 cleavage	by	Argonaute,	 the	catalytic	
component	 of	the	RISC	complex.	

siRNA: Exogenous dsRNA molecules
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miRNAs are	genomically encoded	 non-coding	 RNAs	that	regulate	 gene	
expression,	 particularly	 during	development.

Mature	miRNAs	are	structurally	 similar	 to	siRNAs	produced	 from	exogenous	
dsRNA	but	must	undergo	post-transcriptional	 modification.	

miRNA’s	are	expressed	 from	longer	 RNA-coding	gene	as	a	primary	 transcript	
(pri-miRNA)	which	 is	processed	 within	 the	cell	 nucleus	 to	a	70	bp stem-loop	
structure	 (pre-miRNA)	by	the	microprocessor	 complex	 (RNase	 III	Drosha and	
dsRNA	binding	 protein	DGCR8).	

The	dsRNA	molecule	 is	bound	and	cleaved	 by	Dicer	 to	produce	 the	mature	
miRNA	molecule	 that	can	be	 integrated	 into	 the	RISC	complex;	 thus,	miRNA	and	

siRNA	share	the	same	cellular	machinery	 downstream	 of	their	initial	

processing.

miRNAs	typically	 inhibit	the	translation	of	many	different	mRNAs	with	
similar	sequences.	In	contrast,	siRNAs	typically	 inhibit	only	a	single,	

specific	target.

miRNA: Endogenous RNA silencing
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dsRNA in the nucleus: silencing by formation of heterochromatin
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RNAi models



RNAi

dalla teoria alla pratica di	laboratorio
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Come	disegnare un	siRNA	in	lab
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Come	disegnare un	siRNA	in	lab
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Durata del	silenziamento transiente

siGAPDH
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Trasfezionecon	il siRNA:	ottimizzazionedelle condizioni
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Trasfezionecon	il siRNA:	ottimizzazionedelle condizioni
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Trasfezionecon	il siRNA:	ottimizzazionedelle condizioni
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Dal	transiente alla trasfezione con	vettori
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Dal	transiente alla trasfezione con	vettori
Important:
Use	RNA	 Pol III	promoters	 (short	 RNA)
Promoter	 or	 U6	snRNA
Promoter	 of		H1	RNA	 (RNA	component	 of	human	 RNase P)	

Mimicking
miRNA	

production
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Dal	transiente alla trasfezione con	vettori
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Espressionestabile	di	shRNA
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EspressionesiRNA	in	vivo
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Trasfezione con	siRNA:	le	APPLICAZIONI
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siRNA	library	design
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Limitazioni dei siRNA
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siRNA	vs.	oligonucleotidi antisense	(a	ssDNA)


