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miRNA - 21 conserved families (1-14 members/family) 

- ~70 unique non-conserved (many additional candidates)

- ~150 RNA targets

Diversification of small RNA pathways in plants

Sequencing of > 1 million Arabidopsis small RNAs revealed:

Rajagopalan et al, 2006, Genes & Dev
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Sequencing of > 1 million Arabidopsis small RNAs revealed:

Posttranscriptional regulation

Transcriptional regulation

Diversification of small RNA pathways in plants



SE

5’
miRNA

target mRNAAGO1

mRNA cleavage

5’
miRNA precursor

miRNA duplex

MIR gene

HYL1

HEN1

DCL1

methylated

miRNA duplex

HST
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Boutet et al, 2003, Curr Biol

Vaucheret et al, 2004, Genes Dev

Park et al, 2005, PNAS
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microRNA regulate protein-coding genes posttranscriptionally



Transcription factor genes (10 miRNA families)
11 SPB
8 MYB

5 ARF

7 CCAAT binding factor
3 SCARECROW-like
5 AP2-like

5 TCP

5 HD-ZIP

7 Growth Regulating Factors (GRL)

2 MYB

6 NACDevelopment

156
159

JAW/319
160,167

164
166
169
171
172
396

828

Development
F-box genes (2 miRNA families)
TIR1 and 3 TIR1-like
1 Unusual Floral Organs (UFO)-like

393
394

Stress 

response

“Other” genes (4 miRNA families)
3 ATP-sulfurylases
3 Laccases
2 Superoxide dismutases

Ubiquitin-conjugator (UBC)

395
397
398

399

>80% of conserved plant miRNA 

targets are transcription factors

RNAi related genes (2 miRNA families)
DICER-LIKE1
ARGONAUTE1

162
168Homeostasis

Rhoades et. al Cell 2002

Xie et al., Plos Biology 2003

Jones-Rhoades et al Mol Cell 2004

Functions of conserved plant microRNA targets



5mARF17

5mCUC1

mPHB

Individual impairment of miRNA regulation

Silent mutations that introduce 

mismatches between miRNA 

and mRNA complementary site 

without changing the protein sequence

disrupt miRNA-guided mRNA cleavage,

resulting in developmental alterations

Mallory et al, 2004, Curr Biol

Mallory et al, 2004, EMBO J

Mallory et al, 2005, Plant Cell
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Vazquez et al, 2004, Mol Cell 

Gasciolli et al, 2005, Curr Biol

Adenot et al, 2006, Curr Biol

SE
HYL1

DCL1



nat-siRNA regulate stress responses

Gene 1

Needs to be silenced 

under stress conditions

Needs to be expressed 

under non-stress conditions

Gene 2

Needs to be expressed 

under stress conditions

Needs to be silenced 

under non-stress conditions
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24-nt siRNAs regulate heterochromatin structure



dcl2 dcl3Col dcl3

dcl2 dcl3 mutants accumulate stochastic defects over generations

dcl2

1st generation

Col

dcl3 dcl4

dcl2 dcl3

3rd generation

Gasciolli et al, 2005, Curr Biol

A correct balance among the various small RNA pathways 

is required for proper genomic stability and expression
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dcl1 dcl2                dcl1 dcl2 dcl3

DCL2 acts antagonistically to DCL1 and DCL4

dcl1 dcl2 dcl4       dcl1 dcl2 dcl3 dcl4

dcl1 dcl4               dcl1 dcl3 dcl4



RNAi is now known as an essential regulatory mechanism for:

- development

- biotic and abiotic stress responses

- genome surveillance

The discovery of RNAi explains:

- transgene silencing

- intriguing mutant phenotypes

- recovery from viral infection



Silencing allowed the regeneration of the first transgenic plant



Silencing resulting from the duplication of endogenous genes

« Red star »               35S-CHS (RNAi)



Developmental abnormalities resulting from 

mutations in miRNA genes

Petunia hybrida               Anthirrinum majus



Silencing explains recovery from virus infection



Open questions:

Inventory:

- how many small RNA are there ?

- are there types of small RNA that remain to be discovered ?

- what are the roles of each type of small RNA ?

Regulation:

- how many small RNA pathways exist ?

- how are these pathways interconnected ?

- how are small RNA networks kept in check ?

Evolution:

- are small RNA a driving force in genome evolution ?

- are small RNA contributing to interspecies incompatibilities ?
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