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Applications of small RNA 

technologies

Huang, G., Allen, R., Davis, E.L., Baum, T.J., and Hussey, R.S. (2006) Engineering broad root-knot resistance in transgenic 
plants by RNAi silencing of a conserved and essential root-knot nematode parasitism gene. Proc. Natl. Acad. Sci. USA 103: 
14302–14306.

Gene silencing 

can eliminate 

allergens from 

peanuts.

Gene silencing can 

remove toxic 

compounds from cotton 

seed so they can be 

used as a food source.

In plants, siRNA or 

miRNA-forming DNA can 

be introduced stably into 

the genome to selectively 

silence one or more 

genes.

Control, infected by 
parasitic nematode

RNAi-inducing – no 
infection

Plants expressing dsRNA 

corresponding to insect or 

nematode genes are 

resistant to these pests!  

When ingested, the dsRNA 

induces gene silencing.  

Pest Control



Approaches for RNAi-based Silencing (targeted)

• Antisense-mediated gene silencing

• Hairpin-loop transcript-based RNAi

• Artificial microRNA (amiR)

• VIGS (Virus-induced gene silencing)



Si distinguono due tipi di HDGS:

• Transcriptional Gene Silencing (TGS)

• Post Transcriptional Gene Silencing (PTGS) 

• Entrambi i tipi di HDGS sono frequentemente associati con “sequence-

specific de novo methylation”

• Entrambi i tipi di HDGS possono essere associati con la presenza di IRs

• HDGS puo’ dare inattivazione sia in cis che in trans

Transgene Silencing

Inattivazione epigenetica dovuta a presenza di sequenze/geni espressi a 

livelli molto elevati (per esempio a causa di copie multiple nel genoma); 

dipende da interazione tra copie omologhe, i.e. Homology-Dependent

Gene Silencing (HDGS) 



Transcriptional Inactivation 

(methylation)
• CIS Inactivation

• Silencing of multiple direct or inverted repeats at single locus 
when transgene is integrated at single locus 

• Gs does not occur always in primary transformants 

• Hyper-methylation increase the chromatin mediated effects 
which causes silencing of repeats 



TGS

- Assenza sia dei trascritti maturi che dei precursori

- Lo stato silenziato è mantenuto ad ogni ciclo mitotico, ed è anche

trasmesso alla progenie.

- A bassa frequenza, si osserva riattivazione spontanea (reversione)

del locus silenziato.

- Geni (endogeni e/o trans) silenziati sono caratterizzati da pattern

alterato di metilazione (strategia tipicamente vegetale)

- Struttura cromatinica alterata (come in Drosphila e lievito)



PTGS

PTGS = Post-Transcriptional Gene Silencing



PTGS is a sequence-specific RNA degradation 
process that targets foreign RNA (details to follow).  

• This includes:
– viral RNA

– transposon RNA

– dsRNA, etc.

• Why is PTGS significant with respect to plant 
viruses?

– PTGS is a mechanism that plants have developed 
for protection from virus infection (i.e., the plant 
PTGS system degrades viral RNA)



PTGS

PTGS come soppressione dell’espressione genica x degradazione del 

(trans)gene RNA 

- Avviene nel citoplasma, ed è gene-specifico

- Il livello di trascrizione è inalterato (run-on)

- Rappresenta un meccanismo di difesa dalle infezioni virali

Geni (endogeni e/o trans) silenziati sono caratterizzati da:

- pattern alterato di metilazione (strategia tipicamente vegetale)

- struttura cromatinica alterata (come in Drosphila e lievito)



RNAi = RNA interference

(dsRNA form)

Note different terms used for same phenomenon:

PTGS = quelling = co-suppression = VIGS = RNA interference



What triggers (induces) the PTGS response 

when a virus infects a plant?

• Inducers of PTGS:
1. Viral dsRNA (the double-stranded replication intermediate 

that arises during virus infection)

2. Viral plus sense RNA (the double-stranded regions)

3. Viral minus sense RNA (the double-stranded regions)

Viral dsRNA

replication intermediate

(+)
(-)

(+)

(-)
ds regions in (+) sense RNA

ds regions in (-) sense RNA



The PTGS pathway has two distinct phases:

1. Initiation – the viral RNA triggers the PTGS system to degrade viral RNA 

into small pieces (called siRNA or small interfering RNA) 

2. Maintenance-the siRNA binds to complementary regions in viral RNA 

and this is either:

a. degraded by a complex called RISC (RNA-Induced Silencing Complex)

or

b. or is used to make more viral RNA via the host RNA dependent RNA 

polymerase.  The resulting dsRNA then feeds back into the system at the 

point where dsRNA is degraded to siRNA and the cycle continues to 

repeat.



Figure 9.1

Types of cassettes



To reduce the expression of a target gene by expression of sequences 
complementary to the target sequence.

Antisense-mediated gene silencing

Target mRNA

5’ 3’

U  A  C  C  G  A  G  A  C  C 
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dsRNA Degradation



Hairpin loop constructs



Il cDNA della Calcone sintasi

I costrutti per l’RNAi

A)

B)



sense



VIGS (Virus Induced Gene Silencing) 

• Vettori virali che portano un frammento del gene 
target per generare un dsRNA che ne induce il 
silenziamento

• Possibilità di silenziare un gene specifico senza 
trasformare geneticamente la pianta studiata

• Permette di vincere il problema della ridondanza 
funzionale legato al knock-down di un gene target



Constructs for RNAi

• Hairpin Loop

• miRNA artificiali



VIGS: Arabidopsis

• Virus a DNA :  derivato del Cabbage leaf curl geminivirus (CbLCV) 

Svantaggi: 

-difficoltà nell’inserire il virus nella pianta 

tramite bombardamento di particelle

-Dimensioni limitate dell’inserto

2. Virus a RNA : Tobacco Rattle Virus (TRV), RNA1 e RNA2

Vantaggi: 

-In natura infetta più di 100 specie, in 

laboratorio più di 400

-Capacità di mediare VIGS in assenza di 

sintomi indotti dal virus

-Capacità di veicolare gli inserti nei punti di 

crescita della pianta (meristemi) 



DNA constructs for RNA-mediated gene silencing. a | A DNA plasmid that can be propagated in Escherichia coli from which infectious potato virus X 
(PVX) RNA can be transcribed in vitro, using T7 polymerase. The PVX cassette contains sequence derived from the gene to be targeted. b | A transferred 
(T)-DNA plasmid that is propagated in Agrobacterium. When this plasmid-carrying Agrobacterium is inoculated onto a plant, it transfers the DNA between 
its left (LB) and right (RB) borders into the plant's cells. The region between the borders contains the viral sequences shown in part a, but in this vector, 
the T7 promoter has been replaced with the cauliflower mosaic virus promoter. This enables the transferred DNA to be transcribed by the plant's 
endogenous transcription machinery to generate infectious PVX (plus insert sequence) RNA. In amplicon transgene vectors, a selectable maker gene is 
also present between the left and right borders of this plasmid, enabling plants to be stably transformed with the transferred DNA. c | The tobacco rattle 
virus (TRV) virus-induced gene-silencing (VIGS) system. Two T-DNA plasmids that encode the TRV genome (one encoding TRV RNA1 and the other 
encoding TRV RNA2, which carries the inserted target sequence) are propagated separately in Agrobacterium and used to co-infect plant tissue. d | A 
typical T-DNA plasmid for the expression of hairpin RNAs (hpRNAs). This plasmid can be transiently introduced into plants by bombardment or stably 
introduced by agroinfiltration. A generic silencing precursor construct (pHANNIBAL) that enables hpRNA vectors to be easily constructed has different 
multiple cloning sites either side of the intron to enable the rapid insertion of target sequences in forward and reverse orientations. 35S, CaMV 35S 
promoter; CP, coat protein; M1,2,3, movement proteins 1, 2, 3; RdRP, RNA-dependent RNA polymerase; T7, T7 promoter; Term, transcription termination 
sequence. 

Tobacco Rattle Virus

Potato Virus X (PVX)



V I G S

Svantaggi

• Non necessita di trasformazione genetica delle 

piante

• Consente lo studio del silenziamento di geni letali

• Supera il problema della ridondanza genica 

attraverso   al silenziamento di famiglie geniche

• Distorsione fogliare dovuta all’infezione

• Necrosi tissutale dovuta all’infezione

• Bassa efficienza d’infezione degli apici 

meristematici





VIGS del gene FITOENE DESATURASI (PDS) in Nicotiana benthamiana

N.B.: PDS serve alla sintesi dei carotenoidi -> l’assenza di carotenoidi porta 

a photobleaching (sbiancamento per stress ossidativo)



VIGS del gene FITOENE DESATURASI (PDS) in frutti di pomodoro



Some Uses of PTGS in Agriculture

• Functional genomics/identification of gene function

– Expression of specific genes with unknown function can be 
silenced via Agrobacterium or a viral vector (i.e., VIGS) and 
the effect on the plant can be analyzed.

• Overexpression of genes (use of viral suppressor)

– Sometimes difficult to express high levels of proteins due 
to PTGS.  Viral suppressors of gene silencing can be used to 
inhibit PTGS and therefore achieve high level expression

• Inhibiting virus expression

– Transform plant with a virus gene. The plant then becomes 
resistant to virus infection via PTGS pathway







SILENZIAMENTO INDOTTO DA 

microRNA ARTIFICIALI



Allison C Mallory, Taline Elmayan and Herve´ Vaucheret, Current Opinion in Plant Biology 2008

PLANT MICRO-RNA BIOGENESIS



Compared with conventional RNAi, amiRNAs offer several advantages:

1) miRNA precursors generally generate only a single effective small RNA of known sequence. By contrast, 

several siRNAs with undefined 5’ and 3’ ends are produced as a silencing trigger from hairpin constructs. 

Therefore, potential off-targets of amiRNAs can be more accurately predicted than those of longer hairpin 

constructs.

2) because of their exquisite specificity, amiRNAs can possibly be adapted for allele-specific knockouts.

3) as with natural miRNAs, amiRNAs are likely to be particularly useful for targeting groups of closely related

genes, including tandemly arrayed genes. Approximately 4000 genes in Arabidopsis are found in tandem 

arrays (Arabidopsis Genome Initiative, 2000), and no convenient tool exists for their knockout.



PHENOTYPES OF amiRNA OVEREXPRESSERS

Schwab R. et.al. Plant Cell 2006:18:1121-1133

(A) Inflorescences. From left to right: the wild type, lfy-12, and 

amiR-lfy-1 (MIR172a backbone) overexpresser.

(B) Seedlings. From left to right: the wild type, gun4-1, and amiR-

white-1 (MIR172a backbone) overexpresser. Bleaching of cotyledons 

is more pronounced in the amiR-white plants than in gun4-1, 

consistent with the more severe molecular profile of the amiR-white 

overexpressers.

(D) Leaf rosettes. From left to right: the wild type, try cpc double 

mutants, and amiR-trichome (MIR319a backbone) overexpresser. 

Clustered trichomes  are evident even at low magnification.

(E) Flowers. From left to right: the wild type, weak amiR-mads-2 

(MIR319a backbone) overexpresser, and strong amiR-mads-2 

(MIR319a backbone) overexpresser. In the strong line, secondary 

inflorescences replace the central gynoecium.



INDUCIBLE AND TISSUE-SPECIFIC EXPRESSION OF AMIRNAs

Schwab R. et.al. Plant Cell 2006:18:1121-1133



ENGINEERING OF AMIRNAs

Schwab R. et.al. Plant Cell 2006:18:1121-1133

miR319 (BACKBONE):

caaacacacgctcggacgcatattacacatgttcatacacttaatactcgctgttttgaatt

gatgttttaggaatatatatgtagagagagcttccttgagtccattcacaggtcgtgatatgattaatta

gcttccgactcattcatccaaataccgagtcgccaaaattcaaactagactcgttaaatgaatgaatgatgcg
gtagacaaattggatcattgattctctttgattggactgaagggagctccctctctcttttgtatccaatt

ttcttgattaatctttcctgcacaaaaacatgcttgatccactaagtgacatatatgctgcc

ttcgtatatatagttctggtaaaattaacattttgggtttatctttatttaaggcatcgcca

tg

miRNA319 
miRNA319*



ENGINEERING OF AMIRNAS

http://wmd3.weigelworld.org/cgi-bin/webapp.cgi?page=Home;project=stdwmd



ARTIFICIAL MICRORNA SELECTION CRITERIA



CLONING STRATEGY 

Schwab R. et.al. Plant Cell 2006:18:1121-1133



DNA CLONING USING IN VITRO SITE-SPECIFIC RECOMBINATION

The Gateway reactions:

1)

2)





UBQ5

preamiR

dmsodmsodmso dmsodmsoβ β β ββ

#1 #2 #3 #4 #5

TRANSGENIC PLANTS SELECTON AND ANALYSIS

Hygromycin resistance

miR PRECURSOR (miR319 BACKBONE):

CAAACACACGCTCGGACGCATATTACACATGTTC

ATACACTTAATACTCGCTGTTTTGAATTGATGTTTT

AGGAATATATATGTAGCAAGTAGTCGTGATTTGA

ATTTCACAGGTCGTGATATGATTCAATTAGCTT

CCGACTCATTCATCCAAATACCGAGTCGCCAAA

ATTCAAACTAGACTCGTTAAATGAATGAATGAT

GCGGTAGACAAATTGGATCATTGATTCTCTTTG

ATATTCAATTCACGACTACCTGCTCTCTTTTGTA

TTCCAATTTTCTTGATTAATCTTTCCTGCACAAAAA

CATGCTTGATCCACTAAGTGACATATATGCTGCC

TTCGTATATATAGTTCTGGTAAAATTAACATTTTG

GGTTTATCTTTATTTAAGGCATCGCCATG

amiR * - CAAGTAGTCGTGATTTGAATT

amiR – TATTCAATTCACGACTACCTG



SILENZIAMENTO DI GENI DI 

PATOGENI INDOTTO DA RNAi

IN PIANTA




















