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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)
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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



HOST-INDUCED GENE SILENCING 

(HIGS): UNA BIOTECNOLOGIA CONTRO 

LE MALATTIE DELLE PIANTE



Espressione in pianta di costrutti per il silenziamento di 

geni di insetti fitofagi

1. Cotton bollworm 
(lepidottero): CYP6AE14 
conferisce resistenza all 
gossipolo. RNAi: 
sensibilità al gossipolo 
(Mao et al 2007 Nature 
Biotechnology)

2. Western cotton rootworm 
(coleottero): RNAi di una 
V-ATPasi espressa 
nell’intestino porta a 
mortalità larvale elevata 
(Baum et al 2017 Nature 
Biotechnology)



Biosintesi dell’ergosterolo nei funghi



Koch et al 2013 PNAS

Costrutti per il silenziamento di geni per la sintesi di 

ergosterolo in Fusarium graminearum



Piante di Arabidopsis che esprimono i costrutti per RNAi 

di CYP51A,B e C sono resistenti a F. graminearum



siRNA



I costrutti per RNAi riducono drasticamente l’espressione 

di CYP51A,B e C



I costrutti per RNAi contro FgCYP51A,B e C sono efficaci 

anche quando espressi in orzo





Foglie spruzzate con dsRNA silenziano un gene GFP

espresso in F. graminearum



Foglie spruzzate con dsRNA contro CYP51A,B,C di  F. 

graminearum mostrano minori sintomi





Accumulo semi-sistemico di siRNA in piante 

spruzzate con dsRNA





DCL1 è necessario per la HIGS indotta da dsRNA 

spruzzato sulle foglie



PICCOLI RNA FUNGINI 

SILENZIANO GENI 

NELL’OSPITE





Botrytis cinerea produce siRNA durante l’infezione di 

Arabidopsis e pomodoro



Geni target vegetali degli siRNA di B. cinerea



Bc-siR3.2 silenzia una MAP chinasi di pianta



Bc-siR3.2 silenzia una MAP chinasi di pianta



Bc-siR3.2 silenzia una MAP chinasi di pianta



La sovraespressione di Bc-siR3.2 in Arabidopsis aumenta 

la suscettibilità a B. cinerea



Bc-siR3.2 silenzia una MAP chinasi tripla di pomodoro



I siRNA di B. cinera richiedono AGO1 dell’ospite per 

ridurre la suscettibilità dell’ospite



I siRNA di B. cinera richiedono DCL1 e 2 dell’ospite per 

ridurre la suscettibilità dell’ospite



I siRNA di B. cinera richiedono DCL1 e 2 dell’ospite per 

ridurre la suscettibilità dell’ospite





TRAFFICKING BIDIREZIONALE 

INTER-REGNO DI PICCOLI RNA












